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Technical Field 

This invention relates in general to products and 
methods for the therapeutic and prophylactic treatment of 
mammals, to control the phenotypic expression of cancer, 
and to the production of products and methods for testing 
for carcinogenicity of environmental substances. 

This invention was made with Government support 
under Grant No. EY05758 with the -National Institute of 
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Health, and the University of California. The Government 
has certain rights in this invention. 
Background Art 

For many years, cancer in its numerous forms, has 
been a frightful bane to human society. In many cases, the 
condition is discovered when the pathological condition has 
advanced to the point that the patient's life cannot be 
saved, and the fatal progress of the disease cannot be 
reversed. 

Some cancerous conditions, if diagnosed and treated 
in a timely fashion, may be arrested with the life of the 
patient thereby prolonged. It is the hope of this outcome 
that motivates cancer patients to spend substantial amounts 

i 

of money on varying forms of cancer treatment. Because 
cancer attacks the organism at the elementary, cellular 
level, through the uncontrolled proliferation of cells, the 
treatment of cancer has been, historically, dramatic and 
often destructive of the organism. 

In effect, many treatments for cancer, because they 
are intended to function dramatically at the cellular 
level, sometimes themselves destroy healthy cells. Often, 
destruction of a sufficient number of healthy cells has 
contributed to, if not caused, death of the patient. 
Nevertheless, since the patient has only the prospect of 
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imminent death as an alternative, drastic, expensive and 
life-threatening treatments, such as X-radiation and 
chemotherapy, have been employed. 

Even when such treatment is successful, the cancer 
patient remains disabled and ill for significant periods of 
time after treatment has ceased. Generally, the patient 
requires hospitalization, not only during the period of 
treatment, but for significant times thereafter. 

For these reasons, the spectre of cancer has caused 
great fear in human society. The economic impact, in terms 
of cost of medical care, combined with the disabling 
effect of the disease on its sufferers have made the search 
for reliable methods of diagnosing not only the disease but 
a- predisposition to it f and of treating the disease and/or 
causing its predisposition very significant. 

Much of the focus of cancer research has been on the 
diagnosis and treatment of the condition. In recent years, 
because of advances in knowledge of biochemical processes 
at the cellular and subcellular level, attention has been 
directed to methods, not only for diagnosing and treating 
cancer, but also for discovering a predisposition for 
cancer in the organism. In order to determine such a 
predisposition, studies have been done to determine the 
mechanisms in the body for suppressing cancer. 
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In these studies, "cancer suppress ion" was 
originally defined by a loss of tumor igenicity observed in 
fusion cells made with tumor cells and normal fibroblasts, 
lymphocytes or keratinocytes . The effect was presumed to 
be mediated by dominant suppressive factors in normal 
cells, Nature 223:363 (1969) and J. Cell Sci. 8:659 (1974). 

Evidence indicated that these factors were in part 
genetic since a correlation existed between suppression of 
tumorigenicity and the presence of certain chromosomes in 
fused cells, Adv. viral Oncol. 6:83 (1987) . For example, 
Wilms tumor, a childhood tumor of the kidney, is thought to 
arise by inactivation of a gene on chromosome 11. Using 
the technique of microcell fusion-mediated transfer of 
single chromosomes, it has been demonstrated that 
introduction of a normal chromosome 11 into Wilms tumor 
cells suppressed their tumorigenicity. On the other hand, 
the introduction of chromosomes X and 13 did not have this 
effect, Science 236:175 (1987). 

However, since entire human chromosomes were 
transferred, cancer suppression could not be attributed to 
molecularly defined genetic elements. In addition, the 
transfer of entire human chromosomes may present 
significant problems when attempted on a basis other than 
experimental. The preparation of suitable chromosomes for 
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therapeutic applications is very exacting, time-consuming 
and expensive. As a result, such a technique has not been 
found to be acceptable for many applications. For these 
reasons, it would be highly desirable to have a method of 
accomplishing cancer treatment biotechnically, both 
therapeutically and prophylactically, which would overcome 
such problems associated with the introduction of 
chromosomes to the patient. 

Another meaning for cancer suppressing genes arose 
in connection with genetic studies on certain childhood 
neoplasms, Cancer 35:1022 (1975) and Nature 316:330 (1985) 
and adult tumor syndromes Nature 328:614 (1987); ibid 
332:85 (1988); ibid 329:246 (1987); ibid 322:644 (1986). 
Genes contributing to the formation of these tumors appear 
to be oncogenic by loss of function, rather than 
activation, as with the classical oncogenes, Science 
235:305 (1987); ibid 238:1539 (1987); Nature. 323:582 
(1986); Cancer Res. 46:1573 (1986). 

Retinoblastoma, a childhood eye cancer, provides the 
prototypic example, J. Cell. Biochem. in press (1988) . 
Refined cytogenetic analyses. Am. J. Pis. Child. 132:161 
(1978); Science 208:1042 (1980); J. Med. Genet. 21:92 
(1984) and study of restriction fragment length 
polymorphisms (RFLPs) , Nature 3 05:779 (1983) suggested that 
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retinoblastoma may result from loss of a gene locus, called 
RB or RB-1, located in chromosome band 13ql4. A gene from 
this region possessing properties consistent with the RB 
gene, has been molecularly cloned, Nature 323:643 (1986); 
Science 235:1394 (1987), and ibid 236:1657 (1987). 
Expression of this gene as a 4.7 kb xaRNA transcript was 
found in all normal tissues examined, but was undetectable 
or altered in retinoblastoma cells, Science 235:1394 

(1987) , and the mutations within the RB gene have been 
identified in many cases Science, 236:1657 fl987") , and 
Proc. Natl. Acad. Sci. 85:2210 (1988) and ibid 85:6017 

(1988) . This data suggested that the cloned RB gene was 
tentatively identified. 

A protein product of the RB gene was previously 
identified as a nuclear phosphoprotein of about 110 kd 
(ppllO 1 * 3 ) using antibodies generated against selected 
epitomes predicted from the RB cDNA sequence, Nature 
329:642 (1987). 

In light of the evidence establishing the cancer 
suppression properties of the RB gene, work has been done 
to utilize the RB gene in the determination of the 
susceptibility to retinoblastoma as a diagnostic tool. 
These diagnostic methods and products are disclosed in 
pending U.S. patent application, Serial No. 108,748, which 
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describes cloning, isolation, identification and sequencing 
of the RB gene. In addition, said patent application also 
discloses the method of use of the cloned retinoblastoma 
gene cDNA as a tool for diagnosing retinoblastoma, 
osteosarcoma and fibrosarcoma. 

Additionally, pending U.S. patent application, 
Serial No. 098,612, discloses a phosphoprotein ppRB 110 
which is primarily located in the cell nucleus and has DNA 
binding activity. As with RB mRNA, this protein was 
detected in many types of cultured human cells. ppllO RB 
has been shown to form a tight association with large T 
antigen and ElA, the transforming proteins of DNA tumor 
viruses SV40 and adenovirus respectively, Nature 334:124 
(1988); Cell 54:275 (1988). The RB gene product, or a 
complex containing it, has been found to have DNA binding 
activity, Nature 329:642 (1987). These studies indirectly 
suggested that ppllO 113 has a role in regulating the 
expression of other cellular genes, and may also mediate 
the oncogenic effects of some viral transforming proteins. 

Much of the current cancer research is directed 
toward the detection and a predisposition in the organism 
toward development of cancer. Therefore, it would be 
highly desirable if a prophylactic method of cancer 
treatment existed so that tumorigenesis could be arrested 
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before its inception or, even more importantly, foreclosed 
from development altogether. 

In this regard, in pending U.S. application, Serial 
No. 091,547, there is described methods for using cloned 
human esterase D cDNA as a genetic marker as a diagnostic 
tool for retinoblastoma, Wilson's disease, and other 
hereditary or acquired diseases controlled by genes located 
at the 13 chromosome I3q:l4ll region. The patent 
application discloses an esterase D cDNA probe for cloning 
the retinoblastoma gene, and the use of the cloned human 
esterase cDNA as a prognostic tool for determination of 
genetic predisposition to retinoblastoma or Wilson's 
disease. 

Thus, although significant advances are being made 
in the development of prognostic tools for determination of 
the genetic predisposition to cancer, therapeutic and 
prophylactic treatment of cancer still present the serious 
foregoing-mentioned limitations. In this regard, the 
prognostic tool is extremely useful in screening a 
population, to determine which persons may have a 
predisposition toward cancer. Thus, once a person is 
determined by means of the diagnostic tool as having such a 
predisposition, the person can be monitored at short 
intervals for the early signs and symptoms of cancer. If 
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such, is found, appropriate procedures, such as surgery, can 
be undertaken at an early date. 

However, while the use of diagnostic tools for the 
predisposition toward cancer is highly advantageous, the 
knowledge of such a predisposition is not helpful in the 
situation where a patient is determined by conventional 
examination techniques to have, for example, an advanced 
stage of cancer. In these cases, conventional procedures 
and treatments have not proven to be entirely 
satisfactory. 

Therefore, it would be highly desirable to have 
prophylactic and/ or therapeutic treatments for cancer, by 
utilizing biotechnical techniques. Moreover, it would be 
important to have such biotechnical modalities, which are 
effective for many different forms of cancer, with little 
or no side effects. It would also be desirable to have 
techniques for proving that certain environmental 
substances, such as cigarette smoke, cause cancer. Having 
this type of information could also be used to help people 
avoid coming into contact with cancer causing substances, 
since these substances would be proven, rather than merely 
suspected, of playing a role in oncogenesis. 
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Disclosure of Invention 

It is a primary object of this invention to provide 
generally safe and specific therapeutic and prophylactic 
methods and products useful for controlling cancer 
suppression. 

It is a further object of this invention to provide 
products and methods of controlling cancer suppression 
which are specific for eradication of the cancer tumor by 
utilizing biotechnical methods and products. 

It is a still further object of the present 
invention to provide a pharmaceutical composition for 
therapeutic treating or prophylactic treating of cancer 
whose active ingredient consists of a natural or 
replacement gene. 

It is still another object of this invention to 
provide a pharmaceutical composition for treating and/or 
prophylactic treatment of cancer whose active ingredient 
consists of a natural and/or replacement cancer suppressing 
gene. 

It is still another object of this invention to 
provide a pharmaceutical composition for treating and/or 
prophylactic treatment of animals having retinoblastoma or 
genes having defective, mutant or absent RB genes wherein 
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the active ingredient is a natural and/or cloned 
replacement non-defective RB gene or gene fragment. 

It is still another object of the present invention 
to provide animal models which have defective, mutative or 
absent cancer suppressing genes. 

It is still another object of the present invention 
to provide methods and products for determining that 
certain agents and substances cause cancer. 

The present invention comprises a method for gene 
therapy for cancers wherein chromosomal location of an 
inactive or defective cancer suppressing gene is 
established. A replacement gene which is preferably cloned 
is then used to replace the inactive or defective cancer 
suppressing gene in the chromosome. In addition to its 
uses in therapy, the present invention provides a means for 
prophylactically treating individuals having a genetic 
predisposition to cancer and provides an animal model for 
testing for carcinogenicity of environment influences. The 
term "influences," as used herein, is intended to be 
interpreted in a broad sense so that the term includes, but 
is not limited to, various forms of radiation and various 
types of substances found in the environment. 

The present invention provides a method of treating 
cancer which reduces the need for radiation and/or 
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chemotherapy. In addition, it may be employed at a very 
early stage, after a genetic predisposition to cancer has 
been discovered, but before the onset of tumorigenesis. 

A further advantage of the present invention is that 
it utilizes genetic materials which are smaller than entire 
chromosomes and are generally more stable and more easily 
clone. 

In the invention of the composition and method 
herein disclosed it was hypothesized that if the neoplastic 
behavior of tumor cells were suppressed by an intact RB 
gene, RB gene inactivation could then be strongly imputed 
as an important event during tumorigenesis. 

While there is some uncertainty as to whether 
inactivation of one or more cancer suppressing genes in a 
cell is sufficient to cause cancer, replacement of 
inactivated suppressing genes in tumor cells is a novel 
approach for the treatment of malignancy. Unlike 
conventional, cytotoxic cancer therapies, gene therapy is 
premised on permanent correction of an underlying defect in 
tumor cells. Further, gene therapy may be utilized 
prophylactically because cancer suppressing genes do not 
harm normal cells. 
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Brief D escription of Figures 

The above mentioned and other objects and features 
of this invention and the manner of attaining them will 
become apparent, and the invention itself will be best 
understood by reference to the following description of the 
embodiment of the invention in conjunction with the 
accompanying figures wherein: 

FIG. 1A and FIG. IB show the method of production of 
the Rb virus and the Lux virus; 

FIG. 2 A is a chromatogram indicating the presence of 
normal-sized RB protein in cell lines after infection with 
RB virus and G418 selection; 

FIG. 2B show photographs of indigenous RB proteins 
localized in the nucleus in U-20S cells; 

FIG. 3 shows cultures of RB and Lux virus infected 
tumor cells after G418 selection; 

FIG. 4 shows graphs of WERI-Rb27, Saos-2 and U-20S 
cell colony growth over a five day period; and 

FIG. 5 is a chromatograph showing loss of RB protein 
expression in nine Saos-2 clones. 
Best Mode for C arrying out the Invention 
All references cited in this application are hereby 
incorporated by reference and made part of this 
application. 
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The detailed description is arranged according to 
the following outline: 

A. INTRODUCTION 

B. INITIAL STEP OF IDENTIFYING CANCER SUPPRESSING 
GENES 

Bl. IDENTIFICATION OF THE MARKER GENE 
B2. MAPPING OF THE ESD GENE 
B3. CLONING THE ESTERASE D GENE 

C. GENETICS OF ONCOGENICITY AND CLONING OF CANCER 
SUPPRESSING GENE 

CI. GENETICS OF RETINOBLASTOMA 
C2. MOLECULAR CLONING OF GENES 
C3. IDENTIFICATION OF THE RB GENE BY 

CHROMOSOME WALKING 
C4. THE RB GENE IN OTHER CANCERS 
C5. CLONING THE RB GENE 
C6. ONCOGENICITY BY MUTANT RB GENES 

D. DIAGNOSTIC PROCEDURES UTILIZING CANCER 
SUPPRESSING GENE PRODUCTS 

Dl. DIAGNOSTIC PROCEDURES FOR DETERMINING 

CANCER PREDISPOSITION 
D2. IDENTIFICATION AND FUNCTION OF THE RB 

PROTEIN 

D3. LOCALIZATION AND FUNCTION OF THE ppRB 11C 


<18173-02.210> 


15 

D4. REGULATORY FUNCTION OF ppRBl 10 
D5. ppRB 110 AS A DIAGNOSTIC TOOL 

E. GENE THERAPY AND PROPHYLAXIS 

El. PRODUCTION OF Rb AND LUX VIRUS INFECTION 

OF TUMOR CELL LINES 
E2. USE OF THE RB GENE IN CANCER SUPPRESSION 
E3. SUPPRESSION OF ONCOGENICITY IN VITRO AND 

IN VIVO BY THE RB GENE 
E4. TRANSFORMATION BY INACTIVATION OF RB 

GENES 

F. ANIMAL MODELS FOR EVALUATING SUSPECTED 
ENVIRONMENTAL INFLUENCE CARCINOGENICITY 

A. INTRODUCTION 

The present invention relates to the diagnosis and 
treatment of cancer as well as providing techniques for 
determining carcinogenicity of environmental influences. 
The diagnostic techniques of the present invention are 
based on determining the susceptibility of a patient to 
cancer, in some cases before a cancer phenotype is 
expressed. In general, the diagnostic methods include 
determination of the chromosomal locus of a cancer 
suppressing gene. After the locus has been established, 
techniques have been devised for determining whether or not 
the cancer suppressing gene is present or absent, and, if 
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present, whether the cancer suppressing gene is fully 
functional . 

After the locus of the cancer suppressing gene has 
been established and the gene has been found to be present, 
the function of the gene can be determined by observation, 
under controlled circumstances, of the phenotypic 
expression of the gene. Once technique for evaluating 
phenotypic expression is to test for the presence of the 
cancer suppressing gene's product. A preferred technique 
is to develop an antibody for the gene product which is 
capable of forming an immunocomplex with the product 
thereby providing an accurate test for the presence and 
amount of protein of gene product in a tissue sample. 

Also, after the cancer suppressing gene chromosome 
location has been established, the gene itself can be 
cloned and subsequently used as a pharmaceutical product 
according to the therapeutic methods of the present 
invention. In this regard, the cloned cancer suppressing 
gene has a utility in addition to its therapeutic 
applications since it may also be utilized 
prophylactically. In this regard, cancer suppressing gene 
function may be determined prior to any expression of the 
cancer phenotype in the individual and, if gene deficit or 
absence is determined, a healthy cloned cancer suppressing 
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gene can be utilized prophylactically in the place of the 
absent or defective gene. 

Additionally, the present invention relates to the 
production of a mouse model which has been genetically 
altered so that the model can be utilized as a reliable 
method for evaluating carcinogenicity of environmental 
influences such as tobacco smoke, food preservatives, sugar 
substitutes and the like. 

The present invention builds upon specific examples 
the inventions disclosed and claimed in the previously 
mentioned pending U.S. patent applications. The invention 
herein disclosed, and those disclosed and claimed in the 
pending applications, are based on the substantial body of 
scientific evidence with indicates that carcinogenesis is 
associated in some manner with genetic alterations and 
tumor cells. These alterations may be due to mutation, 
gene inactivation , suppression, deletion or other causes. 

While specific, relevant aspects of the pending 
applications will be discussed in more detail below, it is 
worthwhile initially to summarize how each represents a 
progressive step in establishing the foundation for the 
present invention. 

The present invention, and those disclosed in the 
pending applications, are based on the substantial body of 
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scientific evidence which indicates that carcinogenesis is 
associated with genetic alterations in tumor cells. These 
alterations may be due to mutation, gene inactivation f 
suppression, deletion or other causes. 

With genetic alteration as the hypothetical cause of 
carcinogenesis, it is important to establish the locus and 
cause of genetic alterations. In addition, it is important 
to find ways to prevent such genetic alterations by 
prophylactic measures. Further, the development of models, 
such as animal models, to test for carcinogenicity of 
environmental influences would be useful. 

Considering now the diagnostic method of the 
present invention in greater detail, the process began with 
the identification of the amino acid sequence of human 
esterase D and the nucleotide sequence of esterase D cDNA. 
Esterase D is important because its genetic locus coincides 
with the location of the retinoblastoma gene (RB) . Thus , 
cloned esterase cDNA is useful as a genetic marker and as a 
diagnostic tool for retinoblastoma, Wilson's disease and 
other hereditary or acquired diseases controlled by genes 
located at the 13 chromosome 13ql4:ll region. 

In addition to its use as a diagnostic tool, cloned 
esterase cDNA is useful as a probe to clone the RB, and as 
a prognostic tool for retinoblastoma, Wilson's disease and 
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other diseases controlled by genes located at the 13 

chromosome 13ql4:ll region. 

Because esterase D and the retinoblastoma gene are 

located in the same chromosomal region, evaluation of RB 

gene function, and its chromosomal patterns, was possible. 

By chromosomal walking, using the esterase D cDNA clone as 

the starting point, the RB gene was isolated and its 

nucleotide sequence was determined. 

It is believed that the RB gene has a regulatory 
function and that its presence and normal function prevents 
the development of retinoblastoma. On the other hand, 
absence, malfunction or inactivation of the RB gene causes 
the development of, or genetic predisposition and 
susceptibility to, retinoblastoma. Further, it is believed 
that RB gene absence, malfunction or inactivation is the 
primary cause, not only for hereditary and acquired 
retinoblastoma but for other cancers as well. 

Thus, identification of the exact RB gene location 
and isolation, identification, sequencing and cloning of 
the RB gene provided a capability for diagnosis and 
treatment of retinoblastomas and their secondary tumors. 
It also provided a method for diagnosis and treatment of 
other cancers related to RB gene function. 
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Considering further the diagnostic method of the 
present invention, an advance in the diagnosis of 
retinoblastoma, and a predisposition toward retinoblastoma 
and other cancers, occurred with the identification of a 
phosphoprotein. The phosphoprotein is associated with DNA 
binding activity located in the nucleus. The 
phosphoprotein, identified as ppRB 110 , plays a role in 
inhibiting the oncogenic activity of genes other than the 
RB gene and, in addition, it restrains malignant cell 
growth. 

The identification, isolation, and determination of 
the nucleotide sequence and cloning of the RB gene, 
together with the identification of its phosphoprotein 
product has many uses. 

An important primary utility lies in the capacity 
for preparing RB gene protein product which can then be 
used as an antigen in obtaining specific anti-protein 
antibody. This antibody can be used as a diagnostic 
immunomarJcer for the investigation of the presence or 
absence of the RB gene protein in examined tissue. If the 
protein is present, the RB gene is intact and 
retinoblastoma is not present. If, on the other hand, the 
protein is absent or altered, the deficient RB gene is 
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indicated and resulting retinoblastoma or other cancers or 
susceptibility to them is diagnosed. 

There are now two approaches whereby diagnosis of 
retinoblastoma and other related cancers can be performed. 
In the first, the RB cDNA or genomic DNA is used as a probe 
to determine whether a deficit exists in the chromosomal 
locus of the RB gene. Alternatively , immunoscreening of 
tissue biopsy with specific anti-ppRB 110 antibody is also 
practical. Both diagnostic methods have application for 
screening families with a history of hereditary 
retinoblastoma and for screening of their children. In 
addition, the methods may be used for prediction of 
development of secondary cancer, such as osteosarcoma, 
fibrosarcoma, glioblastoma, breast cancer and others, 
whether or not connected with retinoblastoma. 

Considering now the therapeutic methods of the 
present invention, tumorigenesis can be suppressed by 
providing cloned cancer suppressing genes, such as RB 
genes, or the cancer suppressing gene protein product, such 
as ppRB 110 , after a defective, inactive or absent cancer 
suppression gene has been diagnosed. These substances can 
be provided through molecular induction or gene 
transplanting of RB cDNA to the individual in need. Thus, 
these methods, in addition to their prophylactic value, 
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have application to a method of arrest of tumor development 
in the individual. 

Considering further the development of animal 
modules, in addition to the use of cancer suppressing genes 
and their related proteins, in diagnostic, prophylactic and 
therapeutic applications, it is possible to utilize the 
methods herein disclosed to establish animal models for 
studying cancer suppressing gene function. As an example, 
mutant mice have been developed with one inactive allele of 
the RB gene. These animals are useful in further 
elucidating the role and significance of the cancer 
suppressing gene. 

In addition, because "heterozygosity" appears to be 
the condition precedent to tumor igenes is, the mutant mice 
become useful models in testing for carcinogenicity of 
environmental substances. Thus, for example, such mice 
could be exposed to cigarette smoke, artificial sweeteners 
or a myriad of other suspected carcinogens. Tumor 
development in the mice would be a positive indication of 
the carcinogenicity of the substance tested. The 
availability of the mutant mouse models thus provides a 
means for determining which environmental substances should 
be avoided. 
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In addition to their value as models for testing 
environmental substances, the mutant mouse models have 
value in cancer therapy studies. 

It should be understood that the basic concepts 
discussed herein are useful in isolating, cloning and 
utilizing genes other than the RB gene and have application 
to other cancer suppressing genes as well. Following are 
more detailed explanations of each state of the process 
discussed above together with detailed examples of 
utilization of the RB gene. 

B. INITIAL STEP OF IDENTIFYING 
CANCER SUPPRESSING GENES 
In order to identify and clone cancer suppressing 
genes a known chromosome associated with a particular 
cancer is identified. In general, the chromosome carrying 
the defective cancer suppressing gene may be determined by 
examination of phenotypic expression in the absence of the 
chromosome. Further, such examination can be performed 
after a portion of the suspected chromosome has been 
altered by chemical or other techniques or by excision of 
portions of it. In general, understanding of the control 
of genetic expression has been based largely on the 
introduction of genes or other defined segments of DNA into 
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cells and the assessment of the genes 1 ability to function 
normally. 

Once a chromosome is selected, the locus is selected 
on the chromosome for the cancer suppressing gene to be 
determined. This is accomplished, for example, by the use 
of probes inserted at random at suspected location of the 
chromosome in order to establish the location of the gene. 
This technique is limited because of the large number of 
genes associated with a typical eukaryotic cell 
chromosome. 

Secondly, the chromosomal DNA containing the 
suspected gene may be cut into fragments, for example, by 
mechanical excision, or by use of suitable restriction 
enzymes, or other means. This technique may be employed to 
establish gene location by, once again, ultimately 
evaluating the phenotypic expression of the DNA fragments. 

Thirdly, a preferred method of identifying the 
location of the cancer suppressing gene is through the 
utilization of a marker gene. Ideally, the marker gene is 
located in close proximity to the locus of the cancer 
suppressing gene and, in addition, the marker gene is a 
readily observable phenotypic expression. Once the marker 
gene has been identified, chromosomal walking techniques 
are employed in order to analyze portions of the 
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chromosomal DNA in order to locate the cancer suppressing 
gene. Chromosomal walking depends on isolating a small 
segment of DNA from one end of a first recombinant and 
using this piece of DNA as a probe to rescreen the phage or 
cosmit library in order to obtain a recombinant containing 
that piece of DNA and the net portion of the genome. 

The second recombinant is then used to obtain a 
third, and so in, to yield a set of overlapping cloned 
segments. In general, the chromosome walking technique may 
be utilized bidirectionally along the chromosome, starting 
with the marker gene. 

11* IDENTIFI CATION OF THE MARKER GENE 

An actual example of the use of a marker gene was 
the identification, purification and cloning of the 
esterase D gene. Chromosome mapping of the esterase D gene 
to the chromosome 13ql4.11 region was accomplished by 
correlating loss of the esterase D gene activity with known 
deletions on chromosome 13 of mutant cells. 

Since it was known that the esterase D gene was 
located in close proximity to the RB gene, it was used as a 
starting point for identifying the RB gene by chromosomal 
walking. Because of its proximity to the RB gene, the 
esterase D gene was ideal as a marker gene. Not only did 
its proximity reduce the chromosomal walking necessary to 


<18173-02.210> 


locate the cancer suppressing gene, genetic alterations of 
the esterase D gene would result in, not only an altered 
esterase D gene phenotype but, in addition, an altered 
cancer suppressing gene phenotype. 

In the development of the marker gene, the amino 
acid sequence of human esterase D enzyme was identified as 
was the nucleotide sequence of esterase D cDNA. The 
chromosomal location of the gene was located and cloned 
esterase D cDNA was utilized as a genetic marker. 

The use of the marker, as a starting point for 
chromosomal walking and the further use of the esterase D 
cDNA as a probe resulted in the location and cloning of the 
retinoblastoma gene. 

While the following summarizes the utilization of 
human esterase 0 cDNA as a genetic marker, for a complete 
disclosure of the method, reference may be made to pending 
patent application, Ser. No. 091,547. 

Esterases belong to the family of nonspecific 
enzymes that catalyze the hydrolysis of esters. Human 
esterase D (BSD) is one member of the esterase family 
distinguishable by its electrophoretic mobility and its 
relative specificity for methylumbellif eryl esters as 
substrate. Human ESD is a dimeric enzyme in that it 
displays several phenotypes as a result of the expression 
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of codominant autosomal alleles, primarily allele ESD 1 and 
ESD 2. The polymorphic nature of human ESD has been of 
value in the use of human ESD as a marker in studies of 
population genetics Nature . 304:451-453 (1983); and Am. 
Hum. Genet. . 39:1-20 (1975). 

The activity of ESD enzyme depends on the normal 
function of the ESD gene. Consequently, absence, complete 
or partial inactivation , deletion of one ESD allele, 
mutation or other alterations in ESD sequences will result 
in decreasing ESD activity. For example, the tissues of 
individuals with a deletion of one chromosome 13 show only 
50% of the ESD activity of that found in the healthy 
individuals possessing a normal set of two chromosomes 13, 
Science . 219:973-975 (1983). 

The genetic locus of ESD was mapped to the 
chromosome 13ql4:ll region by correlating the loss of 
enzyme activity with deletions of chromosome 13, Science . 
208:1042-1044 (1980). The regional assignment of ESD to 
13ql4:ll region coincides with the location of the 
retinoblastoma (RB) gene, shown to be involved in the 
tumorigenesis of retinoblastoma, Am. J. Pis. Child . , 
132:161-163 (1978); Science . 219:971-973; Science . 
213:1501-1503 (1981). The development of homozygosity or 
hemizygosity in the 13ql4 region by deletion, mitotic 
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recombination, or chromosomal loss has been interpreted as 
a primary event in retinoblastoma. This finding is 
consistent with the hypothesis that inactivation of both 
alleles of a gene located at 13ql4:ll is required for 
tumor igenes is . 

By examining levels of esterase D mapping to the 
13ql4.11 region, it was previously inferred that one 
chromosome 13 in the somatic cells of the retinoblastoma 
patient contained a submicroscopic deletion of the RB and 
esterase D loci and that this chromosome was retained in 
the tumor, while the normal chromosome 13 was lost, Cancer 
Gen. Cvtoo-en . 6:213-221 (1983). 

The localization of the ESD and RB genes in the same 
chromosomal region provides an advantageous approach for 
evaluation of the RB gene functioning, for discovery of RB 
chromosomal patterns, for cloning of the RB gene, for 
isolation of the RB gene and for identifying the RB gene 
sequence by chromosomal walking, using ESD as the starting 
point Science. 235:1394-1399 (1987). The tight linkage 
between these two genes allows the ESD gene to serve as a 
crucial marker in elucidating the behavior of the RB gene, 
Science . 219:973-975 (1982); and Nature . 304:451-453 
(1983) . 
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Other than the RB gene, the defective gene in 
Wilson's disease has been found to be located in the same 
chromosomal region, 13ql4:ll, and thus was found to be 
linked to the ESD gene, Proc. Natl. Acad, sci. . 82:1819- 
1821 (1985). Wilson's disease, also known as 
hepatolenticular degeneration, is a hereditary disease of 
ceruloplasmin formation transmitted as an autosomal 
recessive. It is characterized by gross reduction in the 
incorporation of copper in ceruloplasmin resulting in 
decreased serum ceruloplasmin and copper values, and 
increased excretion of copper in the urine. The close 
linkage found between Wilson's disease locus and the ESD 
gene, which can serve as the polymorphic marker for 
Wilson's disease, has profound implications both for 
investigation of the primary gene defect and for clinical 
use. 

The identified and cloned ESD cDNA thus would 
provide a valuable marker in the identification and 
sequencing of both the RB gene and the Wilson's disease 
gene would lead, eventually, to diagnosis and treatment of 
these disease. 

In the pending U.S. patent application Serial No. 
091,547, a process was disclosed for purifying human ESD by 
first obtaining the human ESD from human tissue, lysing 
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said tissue, extracting the lysed tissue with an organic 
solvent, partially purifying the extract and then 
separating the purified ESD by column chromatography. 

The purified human ESD obtained was subsequently 
used in the preparation of specific rabbit anti-esterase 
antibody . 

The antibody was utilized to identify and isolate 
ESD cDNA clones through a technique for cloning genes by 
using specific antibody as probes and for isolating unknown 
proteins encoded by cloned DNA. In general, the method 
used an expression vector Agtll (lac5 nin5 cI857 s 100_ 
that permitted insertion of foreign DNA into /?- 
galactosidase structural gene lac Z and promoted synthesis 
of hybrid fusion proteins, DNA . 3:437-447 (1984). 

B2. MAPPING OF THE ESD GENE 
Chromosome mapping of the ESD gene to the chromosome 
13ql4.11 region was accomplished by correlating loss of the 
ESD enzyme activity with known deletions on chromosome 13 
of various mutant cells. In addition, analysis supported 
the conclusion that the EL22 clone containing the esterase 
D gene was mapped to the chromosome 13ql4 region. 

Using the esterase D cDNA as probe, it was found 
that (i) the size of the esterase D mRNA is 1.3-1.4 kb; 
(ii) the gene is around 20-35 kb, indicating the presence 
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of large introns scattered over this genome; and (ill) the 
esterase D gene is indeed located at 30 chromosome 13ql4 
region. Also, the deduced amino acid of the esterase D 
gene was unique when compared to 4000 other well- 
characterized proteins. 

The above mapping data shows that the ESD gene is 
located at chromosome 13ql4.11 region with no meiotic 
recombination observed with the RB gene. These findings 
indicate that both genes are in close proximity although 
the exact kilobase-pair distance between them is unknown. 
Normally, the maximal DNA content of a band, such as ql4:ll 
does not exceed, on the average, 1000 kb. On the other 
hand, the distance between the RB gene and the ESD gene may 
be just a few kilobases. 

Based on the lack of esterase D activity in L&-RB 69 
retinoblastoma cells, it has been suggested that a 
submicroscopic deletion had occurred in the tumor cells 
resulting in the loss of both the RB and the esterase D 
genes. It was believed that some abnormality, perhaps in 
the regulatory region, must occur to cause a substantial 
reduction in the expression of the esterase D gene and 
diminution of the enzyme activity. It was plausible to 
expect that this abnormality would be likely to interfere 
with the RB gene expression leading to tumorigenesis. 
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B3. CLONING THE ESTERASE D GENE 
Since the genetic locus involved in the genesis of 
retinoblastoma is tightly linked to the esterase D gene, it 
was crucial to clone the esterase D gene. The availability 
of the completely sequenced cDNA clone and ESD gene 
facilitated retinoblastoma studies in that it allowed the 
identification of the RB gene, its cloning and sequencing / 
and thus enabled a clinical diagnosis of retinoblastoma and 
genetic corrections. 

Recently, the human esterase D was successfully 
purified. The polyclonial anti-esterase D antibody was 
prepared, and oligonucleotide probes complementary to 
certain ESD polypeptides were constructed. The complete 
amino acid sequence of ESD protein was determined, and ESD 
cDNA was cloned. The complete nucleotide sequence of both 
ESD cDHA and the ESD gene were identified and the ESD gene 
was localized. 

In addition, specific human anti-esterase D antibody 
was able to bind a polypeptide with a molecular mass of 
about 33-34 JcDa subsequently identified as ESD. 

Using this anti-esterase D antibody, a protein 
corresponding to human esterase D was immunoprecipitated 
from mouse, rat, hamster, and monkey cells. 
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The above described immunologic reaction was then 
used in identification and the isolation of the ESD cDNA 
clones from two Agtll cDNA libraries. The technique of 
cloning genes by using specific antibody as probes and for 
isolating unknown proteins encoded by cloned DNA is well 
known. In general, the method uses an expression vector, 
Agtll (lac5 nin5 cI857 s 100) that permits insertion of 
foreign DNA into B-galactosidase structural gene lac z and 
promotes synthesis of hybrid fusion proteins, PJJA, 3:437- 
447 (1984). 

It was presumed that since ESD was shown to be 
present in many bodily tissues, the mRNA coding for ESD 
would be readily present in tissue extracts and/or in 
certain tissue tumors. Human hepatoma and human placenta 
tumors both have a relatively high level of expression of 
ESD mRNA and were, therefore, particularly suitable for the 
detection of specific ESD cDNA clones in the library. 
Therefore, these two tumors were chosen for construction of 
the ESD cDNA libraries in Agtll. vector. 

Following immunoscreening of these libraries with 
anti-esterase D antibody, four clones were obtained. Two 
of the clones, with identical 1.1 kb (1100 bp) inserts, 
were called EL22a and EL22b. After analysis it was 
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concluded that the EL22 clone is, in fact, the esterase D 
cDNA. 

To determine the size of ESD mRNA, RNA blotting 
analysis was performed and the size of mRNA of two cell 
lines was found to be «14, 58(1.3-1.4 kb) . 

A distribution of the ESD gene in the human genome 
was determined by Southern genomic blotting analysis using 
32 P-labeled EL22 clone. It was found that the esterase D 
gene was distributed over 2 0-40 kb in the human genome. 
The combined size of the DMA fragments with positive 
hybridization was 20-40 kb, indicated that there are large 
intron sequences in the ESD genome. This was subsequently 
confirmed by characterizing the complete genomic esterase D 
clone. 

£* GENETICS OF ONCOGENICITY AND 

CLONING OF CANCER SUPPRESSING GENE 

After identifying and cloning the marker gene, its 
associated cancer suppressing gene is then identified and 
cloned. Chromosomal walking techniques are utilized to 
locate the cancer suppressing gene to be found. While the 
examples herein disclosed relate to use of the esterase D 
gene as a marker and of the evaluation of the RB gene in 
oncogenicity, it is understood that the examples disclosed 
herein will equally apply to the marker genes and the 
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respective cancer suppressing genes as breast cancer 
suppressing genes, Wilm's tumor suppressing genes, 
BecJcwith-Wiedemann syndrome suppressing gene, bladder 
transitional cell carcinoma suppressing gene, neuroblastoma 
suppressing gene, small cell lung carcinoma suppressing 
gene, renal cell carcinoma suppressing gene, acoustic 
neuroma suppressing gene, colorectal carcinoma suppressing 
gene, and others. 

The chromosome walking technique performed as 
previously described can be utilized for location 
identification, purification and cloning of the above 
cancer suppressing genes. In general, analysis of the 
cancer suppressing , gene activity can be determined by 
observation of the gen's phenotypic expression. 

CI. GENETICS OF RETINOBLASTOMA 
As an example of the practice of the present 
invention, the RB gene role in suppressing retinoblastoma 
has been determined. 

The genetic control of retinoblastoma and 
suppression of carcinogenicity were evaluated by means of 
the cloning, isolation, identification and sequencing of 
the retinoblastoma gene. The cloned retinoblastoma gene 
cONA was prepared and used as a tool for diagnosing 
retinoblastoma, osteosarcoma and fibrosarcoma. Development 
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of the retinoblastoma gene led to the therapeutic 
application whereby a defective gene in cancer cells may be 
replaced with a normal gene thereby suppressing cancer 
formation. 

While the following summarizes the method of 
development of the retinoblastoma gene, for a complete 
disclosure, reference may be made to pending patent 
application, Serial No. 108,748. 

It is increasingly evident that carcinogenesis is 
associated with genetic alterations in tumor cells. Some 
of these alterations may occur in precursor somatic cells 
during the life of an individual, while other mutations 
might be inherited, from a parental germline. The latter 
type of inheritance would explain cases of familial cancer 
and inherited cancer predisposition. Cancers with known 
familial occurrence include retinoblastoma, nephroblastoma 
(Wilm's tumor), neuroblastoma, osteosarcoma, renal cell 
carcinoma, melanoma, and breast cancer. 

Several approaches have been applied to identify 
genetic elements involved in tumorigenesis . Oncogenes were 
initially defined in tumor- inducing retroviruses and tumor 
DNA capable of transforming non-neoplastic cells in 
culture. Most oncogenes are activated homologues of 
protooncogenes that exist in normal cells. 
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Another class of cancer genes has been proposed for 
which loss of gene function is associated with oncogenesis. 
The existence of such genes was first indirectly suggested 
by studies with restriction fragment length polymorphisms 
(RFLPs) that indicated a loss of specific chromosomal 
regions in tumor DNA compared to somatic DNA from the same 
patients. The "loss of heterozygosity" has been observed 
in many tumor types including retinoblastoma, osteosarcoma, 
wilm's tumor, hepatoblastoma and rhabdomyosarcoma. 

Genes giving rise to tumors by loss of function have 
been termed "recessive oncogenes" or "cancer suppressing 
genes" since the presence of one or more normal alleles in 
a cell is apparently sufficient to prevent expression of 
the cancer phenotype. 

Retinoblastoma is an intraocular cancer of early 
childhood that arises from the developing retina. It has 
been reported that its incidence is about 1 in 20,000 live 
births and it is the most common intraocular tumor of the 
pediatric age group. Two forms of retinoblastoma are 
distinguished on a genetic basis. The hereditary form is 
an autosomal-dominant cancer susceptibility trait: each 
offspring of a carrier parent has a 50% chance of 
inheriting the trait, and 90% of carriers will develop 
retinoblastoma. Multiple or bilateral retinal tumors are 
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indicative of , and typical for, hereditary retinoblastoma. 
Furthermore, carriers are at high risk of developing 
additional primary neoplasms later in life; these second 
cancers are of otherwise unusual types, such as 
osteosarcoma or fibrosarcoma, and are usually fatal. In 
contrast, patients with nonhereditary retinoblastoma have 
single, unilateral retinal tumors and no increased risk of 
second cancers. However, some of the patients with 
unilateral retinoblastoma actually have the hereditary 
form. Because of its clear-cut inheritability, 
retinoblastoma has been a prototypic model for the study of 
genetic determination in cancer. 

It has been inferred that retinoblastoma could 
result from as few as two "hits", or mutational events and 
it has been hypothesized that two hits served to inactivate 
both alleles of a singe gene (RB) that essentially 
functioned to suppress retinoblastoma formation. An 
individual inheriting a mutant RB allele in all somatic 
cells would be predisposed to getting retinoblastoma by an 
additional mutation of the other RB allele in one precursor 
cell (retinoblast) . In sporadic cases, both RB alleles 
would have to be inactivated by two independent somatic 
mutations in a single retinoblast. This model could 
explain both the earlier onset and multiplicity of tumors 
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in predisposed individuals. However, the validity of this 
hypothesis remains to be demonstrated at the molecular 
level . 

Karyotypic examination of somatic cells 
(fibroblasts) from patients with hereditary retinoblastoma 
disclosed a minor subset of cases containing visible 
deletions of the long arm of chromosome 13. Similar 
deletions were also identified in retinoblastoma tumor 
cells. Studies of a large retinoblastoma pedigree show 
that normal individuals carried a balanced translocation 
involving 13ql4, while those with retinoblastoma had only 
one 13ql4 region. Band 13ql4 was common among all 
deletions and presumably contained a gent (RB) determining 
susceptibility to hereditary retinoblastoma; these 
deletions also removed one allele of the gene for a 
polymorphic marker enzyme , esterase D. 

It is known that the RB gene has a regulatory 
function and that its presence and normal function prevent 
the development of the retinoblastoma. On the other hand, 
absence, malfunctioning or inactivation of the RB gene 
causes the development of, or genetical predisposition and 
susceptibility to, the retinoblastoma and is believed to be 
the primary cause for both hereditary and acquired 
retinoblastoma, and for the secondary malignancies often 
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recurring in retinoblastoma patients such as osteosarcoma, 
and f ibroblastoma. 

Therefore, it is useful to determine if a genetic 
predisposition exists in a fetus or if there is a 
susceptibility for acquiring retinoblastoma at a later age 
so that early diagnosis and possible treatment though 
genetic manipulation could be accomplished. 

C2. MOLECULAR CLONING OF GENES FROM 
CHROMOSOME REGION 13al4 
Since nothing was known a priori about the RB gene 
product, candidate genes were to be identified solely on 
the basis of appropriate chromosomal location and presumed 
"recessive" behavior. That is, an intact RB gene should be 
expressed in normal retinal tissue but not in 
retinoblastomas. "Reverse genetic" cloning strategies 
require a collection of one or more DNA probes from the 
region of interest. These may consist of probes for other 
known genes; or of anonymous DNA probes isolated at random 
by a number of techniques. Before attempting to clone the 
RB gene, several laboratories made major efforts to obtain 
probes for region 13ql4. The polymorphic marker enzyme 
esterase D was mapped to 13ql4 and is closely linked to the 
RB gene with no known recombinants. By generating specific 
antisera and partially sequencing the protein, esterase D 
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cDNA fragments have been identified. Also available were 
anonymous DNA probes mapping to 13ql4, such as H3-8, H2-42 
and 7D2 that were isolated by random selection from 
chromosome 13 -specific libraries. 

After identification of the RB gene its cDNA 
sequence and genomic organization were determined. Pending 
U.S. patent application Serial No. 098,612 discloses the 
amino acid sequence of a phosphoprotein located in the cell 
nucleus and having DNA binding activity. 

C3. IDENTIFICATION AND ROLE OF THE RB GENE 
B Y CHROMOSOMAL WALKING 
The esterase D gene has been located, identified, 
sequenced and cloned. Further, it has been located in 
close vicinity to the RB gene. Therefore, it is useful as 
the starting point for identifying the RB gene by 
chromosomal walking. DNA fragments isolated from this 
process can then be used as probes to examine qualitative 
or quantitative differences in mRNA from fetal retinal 
cells and retinoblastoma cells. Detection of such 
differences would provide evidence that somatic mutations 
occur in the RB gene of tumor cells. The DNA fragments 
corresponding to the defective mRNA are the best candidates 
for the RB gene. Moreover, the availability of mutant 
cells with known deletion in 13ql3. 1-14. 11 
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and 13ql4. Il-q22 , respectively, enables determination of 
the correct direction of walking toward the RB gene. 

Specific esterase D clone EL22 together with another 
probe H3-8 were mapped to the same chromosome region I3ql4 
as the known location of the RB gene. 

Bidirectional chromosomal walking along the 
chromosome 13 DNA was instituted using esterase D and H3-d 
as probes to clone additional genomic DNA and cDNA. This 
alternative screening led to the identification of several 
distinct clones such as SD-l f SD-2, RB-l, RB-2 and RB-5. 

candidate RB genes were used as probes in RNA 
blotting to detect mRNA transcripts and clones RB-l and RB- 
5 were hybridized with a 4.6 kb mRNA fragment obtained from 
the normal retinal and placental tissues. Hybridization 
under the same conditions with mRNA obtained from the 
retinoblastoma mRNA transcripts was not observed at all. 

Other types of tumors not related to retinoblastoma, 
namely neuroblastoma and medulloblastoma , displayed normal 
4.6 kb mRNA transcripts. 

Two cDNA libraries, placental and fetal retina, were 
rescreened with clone RB-l for complete cDNA clone and 
resulted in the isolating of clone RB-5. 

Additionally, more than 20 phage clones were 
isolated from a human genomic DNA library with RB-l and RB- 
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5 as probes and were subsequently characterized by 
restriction mapping and hybridization to subfragment cDNA 
probes. A restriction map of the RB gene was then 
constructed showing that the RB gene consists of at least 
12 exons scattered over more than 100 kb of DNA. 

Sequence analysis was performed and yielded the 
reconstructed complete DNA sequence. Deletion templates 
were generated which yielded greater than 95% of the 
sequence. 

The sequence of the RB gene protein products was 
then predicted and an amino acid hydropathy plot 
constructed. 

Through the method disclosed in pending patent 
application Serial No. 108,748, a gene encoding a messenger 
RNA (mKNA) of 4.6 kilobases (kb) , located in the proximity 
of esterase D, was identified as the retinoblastoma 
susceptibility gene on the basis of chromosomal location, 
homozygous deletion, and tumor-specific alterations in 
expression. Transcription of this gene was abnormal in six 
of six retinoblastomas examined. In contrast, full-length 
RB mRNA was present, in human fetal retina and placenta 
tumors, and in other tumors such as neuroblastoma and 
medulloblastoma . DNA from retinoblastoma cells had a 
homozygous gene deletion in one case and hemizygous 
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deletion in another case, while the remainder were not 
grossly different from normal human control DNA. 

The RB gene contains 27 exons distributed in a 
region of over 200 kb. Sequence analysis of complementary 
DNA clones yielded a single long open reading frame that 
could encode a hypothetical protein of 928 amino acids. 

A computer assisted search of a protein sequence 
database revealed no closely related proteins. Features of 
the predicted amino acid sequence included potential metal- 
binding domains similar to those found in nucleic acid- 
binding proteins. These results suggested involvement of 
the RB gene as a recessive genetic mechanism for regulation 
of human cancers. 

As indicated above, the initial starting point was 
the gene encoding esterase 0 which is linked to the 
retinoblastoma susceptibility locus in band 13ql4.11 within 
an estimated 1500 kilobase range. The esterase D cDNA 
clone EL-22 was used as a probe to isolate its genomic DNA 
clones. Distal DNA segments of these genomic clones were 
used to isolate additional genomic clones. At 20 kb 
intervals in walking regions, unique sequences were 
identified that were used as probes to isolate cDNA clones 
from fetal retina and placenta libraries. A similar 
strategy using H3-8 as probes was performed to isolate the 
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candidate genes. A bidirectional chromosome walk covering 
hundreds of kb has been established by alternately- 
screening genomic and cDNA libraries. 

Candidate RB genes were used as probes in RNA 
blotting analysis to detect relevant messenger RNA (mRNA) 
transcripts polyadenylated RNA was prepared from human 
fetal retinas (obtained by dissection of about 25 first- or 
second- transfer fetal eyes) and from portions of normal 
human placentas. Since the primary retinoblastoma tumor 
samples large enough to yield sufficient mRNA for analysis 
are not usually available, polyadenylated RNA was isolated 
from cultured cells of six retinoblastomas. Additionally , 
polyadenylated RNA was isolated from three neuroblastomas 
and one medulloblastoma and from a primary medulloblastoma 
specimen. 

Esterase D transcripts (1.4kb) were detected in all 
tumor and tissue samples. This finding was consistent with 
the known "constitutive" expression of esterase D. 
Esterase D hybridization was subsequently used as a 
positive control. 

Thus, only gross deletions but no small partial 
deletions of the RB gene were seen in these tumors, and 
detection of an intact genome did not imply normal gene 
expression. Such a disparity may be due to mutations in 
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the promotor region. Explanations for decreased mRNA 
transcript size include small deletions within exons (which 
might not sufficiently alter gel mobility of large exon 
splicing sequences or other mRNA processing signals. 

The numerous large Hind III bands seen on DNA 
blotting analysis suggested that the RB locus was spread 
over a rather large genomic region. To further clarify 
genomic structure, more than 20 phage clones were isolated 
from the human genomic DNA library with RB-1 and RB-5 as 
probes. These clones were characterized by restriction 
mapping and hybridization to subfragment cDNA probes. In 
conjunction with data from genomic DNA blotting, the Hind 
III restriction map of the RB gene was constructed. The RB 
gene consists of 27 exons scattered over more than 200 kb 
of DNA. One large intron of at least 50 kb is located 
between exons from the RB-l/RB-5 overlap region. 

Recently described, Nature . 323:643-646 (1986) was a 
cDNA clone with properties that were attributed to the RB 
gene. This clone detected a 4.7-kb mRNA transcript present 
in adenovirus 12 -trans formed retinal cells but absent in 
four of four retinoblastoma cell lines. Deletions 
involving part or all of this gene were observed in five 
retinoblastomas, but none of these were internal homozygous 
deletions. These findings were not sufficient to precisely 
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identify the RB gene. Sequence data were not included in 
the report, the restriction map of the cDNA clone was 
similar to those found in this invention. 

As noted above, the RB gene expression, while 
specifically altered in retinoblastoma, was not confined to 
normal fetal retina but was also seen in at least one other 
normal unrelated tissue, placenta. For a more extensive 
survey, mRNA from fetal and adult rat tissues were prepared 
and analyzed by RNA blotting. A 4.6-kb mRNA transcript 
(presumably the normal size for rat) was detected in all 
tissues, though quantity varied markedly. A second species 
of transcript, approximately 2.3 kb in size, was apparent 
in fetal rat brain. This short transcript may represent 
either differential processing of the RB gene or 
transcription of a separate but closely related gene. 

Recently another RB cDNA clone was isolated that 
contained an additional 234 base pairs on the 5' end. The 
revised RB cDNA sequence had an additional methionine codon 
at nucleotide 139. When this methionine was used as 
initiation codon, the predicted RB protein had 928 amino 
acids and a molecular weight of 110 kD. The second in- 
frame methionine was at base 346. Since the nucleotide 
sequence at the first ATG is not typical of other known 
mRNAs, the start codon assignment should be regarded as 
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tentative. Later, the in vitro translation results favored 
the first methionine as the authentic initiation site. A 
computer search of the National Biological Research 
Foundation protein sequence database sequence detected no 
strong homology with any of more than 4000 published amino 
acid sequences. However, a number of nucleic acid-binding 
proteins and viral proteins showed weak sequence homology , 
with a yeast DNA-directed RNA polymerase having the highest 
homology score. 

The predicted protein sequence included ten 
potential glycosylation sites but a candidate transmembrane 
domain (at least 20 consecutive hydrophobic residues) was 
not found. The amino acid hydropathy plot showed a mildly 
hydrophobic region near the putative amino terminus and a 
hydrophilic region at the carboxyl terminus. Two pairs of 
short amino acid sequences that were bracketed by cysteine 
and histidine residues in the manner of metal-binding 
domains found in nucleic acid-binding proteins were 
identified. A region of 54 amino acids from position 663 
to 716 contains 14 proline residues (26%) . Such proline- 
rich regions have also been observed in nuclear oncogene 
proteins myc and myb. While the significance of these 
observations is not well established, they suggested that 
the RB gene product may be a nucleic acid-binding protein. 
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Subsequently, the RB protein ppRB 110 as been found to be 
primarily located in the cell nucleus. 

The retinoblastoma gene has been previously found to 
be of a recessive nature. Tumor-specific alterations in 
gene expression provide the best evidence for identifying 
this gene as RB, and the examples of homozygous deletion 
and absence of mRNA expression support its postulated 
recessive nature. 

Hereditary retinoblastoma patients have a high 
incidence of osteosarcoma as a second primary cancer. 
Inactivation of the retinoblastoma susceptibility (RB) gene 
has been implicated in the genesis of osteosarcoma by 
chromosomal homozygosity of the I3ql4 region found in 
several osteosarcoma patients with or without 
retinoblastoma history. 

In view of the above, it is clear that the role of 
the RB gene in tumor formation is of more general interest 
than simply that attendant to a rare childhood cancer. 
First, recessive genes similar to RB may control other 
unusual embryonal childhood cancers such as nephroblastoma 
(Wila^s tumor), hepatoblastoma, embryonal rhabdomyosarcoma, 
and neuroblastoma. Like retinoblastoma, all of these 
tumors resemble massive overgrowth of tissues found in 
normal embryogenesis. Nephroblastoma has been associated 
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with deletions of chromosome region llpl3 , and adjacent 
polymorphic markers become homozygous in these tumors. 

C4. THE RB GENE IN OTHER CANCERS 

Since the sequence of the RB gene is now known, the 
role of the RB gene in other tumors may now be explored. 
Retinoblastoma patients have a high rate of second 
malignancies occurring at a variety of sites. Osteosarcoma 
is the most common. Reduction to homozygosity in region 
13ql4 has been reported in osteosarcomas even without prior 
retinoblastoma, which suggests a common oncogenic 
mechanism for the two tumors despite their histologic and 
oncologic dissimilarity. In contrast, neuroblastoma and 
medulloblastoma , which are considered closely related to 
retinoblastoma, apparently do not involve alterations of 
RB. Further study of the RB gene will likely provide 
insight into unifying mechanisms of oncogenesis. 

By analogy to retinoblastoma, a class of "cancer 
suppressing genes" has been postulated to explain other 
types of inherited cancers, and tumor-specific chromosomal 
deletions. Retinoblastomas and osteosarcomas often 
occurred in the same patients, and several osteosarcomas 
(from patients both with and without retinoblastoma 
history) demonstrated a loss of heterozygosity of 
chromosome 13 markers. A few breast cancers also showed 
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specific loss of chromosome 13 heterozygosity. Loss of 
heterozygosity has been found at chromosome lip in Wilm's 
tumor (consistent with known deletions) , tumors of the 
Beckwith-Wiedmann syndrome, transitional cell carcinoma of 
bladder, and, again, breast cancer, similarly, other 
suppressing loci have been implicated in neuroblastoma, 
small cell lung carcinoma, renal cell carcinoma, acoustic 
neuroma, and colorectal carcinomas. 

The RB gene was initially identified on the basis of 
altered RB gene expression in retinoblastoma tumors 
compared to that of normal tissues. Many additional tumors 
and neoplastic cell lines have been examined, and several 
with either DNA rearrangements, altered RB mRNA, or absent 
RB protein have been found. For example, of eight 
osteosarcoma cells lines tested, three (6292, SA0S2 and 
OHS) showed abnormalities at the protein level. 6292 
expressed RB protein of increased molecular mass, whereas 
SA0S2 and OHS completely lacked the RB protein. Both 
osteosarcoma cell lines without RB protein had shortened RB 
mRNA transcripts, and G292 had both shortened and normal- 
sized RB mRNA transcripts. Cell line SA0S2 had homozygous 
deletion of the 3* end of the RB gene, involving exon- 
containing Hind III fragments of exons in an internal 7.5 
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kb Hind III fragment. However, G292 had a grossly normal 
RB gene structure. 

RB protein was also absent: from one synovial sarcoma 
cell line (GHM) in which norma-sized RB mRNA was present. 
GHM DNA was also grossly normal by DNA blotting analysis 
with RB cDNA probes. This cell line constitutes the first 
known example of RB gene inactivation apparently solely at 
the protein level. A fresh specimen from a synovial 
sarcoma tumor, SDSY1, was also analyzed. Both normal-sized 
and lengthened RB MRNA transcripts (6.5 kb) were observed 
by RNA blotting and is apparent that normal-sized 
transcripts may be derived from non-neoplastic cells 
intermixed in whole tumors. Analysis of SDSY1 DNA with RB 
cDNA probes showed extra restriction fragments in addition 
to all normal fragments after digest with Hind III, EcoR I. 
and Pst I endonucleases, suggesting internal RB gene 
duplication. Duplication of exons in these fragments would 
add approximately l.l kb to the RB mRNA transcript, and 
would substantially account for the observed mRNA size (6.5 
kb) . Other studies have confirmed the presence of RB gene 
mutations in fresh osteosarcomas and a variety of soft- 
tissue sarcomas from patients without a history of 
retinoblastoma . 
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Recently, RB gene inactivation in two of nine human 
breast cancer cell lines was found. The RB gene of one 
cell line had a homozygous internal duplication of 5 
kilobase (fcb) region containing exons 5 and 6. The RB mRNA 
transcript was correspondingly lengthened, and it was 
inferred that its translation was terminated prematurely 
due to a shifted reading frame. The other cell line had a 
homozygous deletion of the RB gene that removed the entire 
gene beyond exon 2. The RB gene product, ppllO 112 , was not 
detectable in either cell line by immunoprecipitation with 
specific antibodies. Also reported recently was loss of RB 
gene expression in some cell lines derived from small cell 
carcinomas of the lung. 

These results support a role for RB gene mutation in 
the genesis of cancers other than retinoblastoma. However, 
for each tumor type, mutations have been detected in only a 
fraction of cases. There are two possible explanations for 
this: 1) there is genetic heterogeneity among these 
tumors, such that only a fraction of each tumor type 
involves the rb gene; and/or 2) some inactivating mutations 
of the RB gene are not being detected. 
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C5. CLONING THE RB GENE 
The identification, isolation, determination of the 
exact nucleotide sequence and cloning of the RB gene has a 
multiple utility. 

The primary utility lies in the sequence 
transcription into its corresponding mRNA which is in turn 
translated into RB gene protein product. Protein product 
can then be used as an antigen in obtaining the specific 
anti-RB protein antibody. Antibody are then used as a 
diagnostic immunomarker for the investigation of the 
presence or absence os the RB gene protein in the examined 
tissue. If the RB protein is present, the RB gene is 
intact and retinoblastoma not present. If, on the other 
hand, the protein is absent or altered, the deficient RB 
gene is indicated and resulting retinoblastoma or other 
cancers or susceptibility thereto is indicated. 

The sequence of the RB gene can be further utilized 
in producing the specific RB gene cONA clones which can be 
used as the genetic markers and probes in isolation, 
identification and sequencing of other related genes or 
genes located in the proximity of the RB gene the function 
of which is as yet unknown. 

The control and regulatory function of the RB gene 
is exerted through the RB protein which is instrumental in 
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inhibiting other gene's oncogenic activity and restraining 
the malignant cell growth. 

C6. ONCOGENICITY BY MUTANT RB GENES 
The absence of antigenically detectable RB protein 
in retinoblastoma cells supports the notion that 
oncogenicity by mutant RB genes is achieved through 
complete loss of gene product function even in those cell 
lines containing shortened RB mRNAs. 

The hypothetical protein predicted from the 
nucleotide sequence was expected to have MW about 106 kD. 
The immunoprecipitated protein has a MW about 110-114 kD. 
The complete RB protein amino acid sequence is illustrated 
in Table 1. This complete sequence obtained from the newly 
reconstructed clone which contains the most 5* end stretch 
missing in the original cDNA clone Science . 235:1394-1399 
(1987) . 
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The amino acid sequence (Table 1) is written in the 
abbreviation code recognized in the art. Single-letter 
abbreviations for the amino acid residues are: A = Alanine, 
c = Cysteine, D = Aspartic acid, E = Glutamic Acid, F = 
Phenylalanine, G = Glycine, H = Histidine, I = Isoleucine, 
K = Lysine, L = Leucine, M ■ Methionine, N = Asparagine, P 
» Proline, Q = Glutanine, R = Arginine, S = serine , T = 
Threonine, V - Valine, w - Tryptophane and Y « Tyrosine. 

RB cDNA sequence Science, 235; 1394-1399 (1987) 
contained a long open reading frame from nucleotide 1 
through 2688, which when translated from the first 
methionine codon yielded a hypothetical protein of 816 
amino acids and molecular weight 98 kD. Recently another 
isolated RB cDNA clone contained an additional 234 base 
pairs on the 5' end. The revised RB cDNA sequence still 
maintained the same open reading frame as in the original 
clones, and an additional methionine codon was found at 
nucleotide 139. When this codon was used as an initiation 
codon, the predicted RB protein had 928 amino acids and a 
molecular weight of 110 kD - identical to the apparent M.W. 
determined by SDS-PAGE. The additional 5« sequence 
contains a GC-rich region that translates into an unusual 
cluster of alanine and proline residues. 
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Discrepancies between actual and apparent molecular 
weights on SDS-PAGE may be explained by secondary protein 
modifications. Several potential N-linked glycosylation 
sites are present in the predicted amino acid sequence. 
However, when LAN-1 cells were grown in medium supplemented 
with 14 C-galatose or 3 H-glucosamine f labeled RB protein was 
not detected despite prolonged autoradiography. In 
addition, digestion of 35 S-labeled RB protein by 
Endoglycosidase H according to the method described in 
J.Bill. Chem. . 250:8569-8579 (1975), did not result in a 
reduction of apparent molecular weight. 

When the neuroblastoma cells LAN-1 were 
metabolically labeled with 32 p-phosphoric acid and 
immunoprecipitated, the immunoprecipated protein ran as a 
single band with molecular weight identical to the 
35 S-labeled RB protein. The results show Lanes 2 + 3 
showing a 35 S-labeled band at 110-114 kD and Lane 5 - 
32 P-labeled band at 110-114 kD. Lanes l ( 35 S) and 4 ( 32 P) 
are immunoprecipitated with preimmune rabbit IgG. When the 
aliguots of RB samples labeled with 35 S-methionine were 
digested overnight with Endoglycosidase H, there was no 
detectable reduction of molecular weight 110-114 kD. The 
above findings support the belief that the retinoblastoma 
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gene is a phosphoprotein of MW 110-114 kD. The 
phosphoprotein was therefore named ppRB 110 . 

D. DIAGNOSTIC PROCEDURES UTILIZING CANCER 
SUPPRESSING GENE PRODUCTS 

After locating and cloning a desired cancer 
suppressing gene, the cloned gene can be used to obtain a 
gene product useful in diagnosing for cancer related to the 
cancer suppressing gene. 

The technique includes initially developing a 
product which can react with the cancer suppressing gene 
product of a patient's tissue sample. In this regard, the 
reaction between the product is observed to determine the 
presence or absence of the normal phenotypical expression 
of the cancer suppressing gene of the tissue sample. 

More specifically, using the cloned cancer 
suppressing gene, an antibody is developed. The antibody, 
which is specific for the cancer suppressing gene protein 
product, is used to react with the cancer suppressing gene 
protein product in a patient's tissue sample for 
determining whether or not the cancer suppressing gene is 
functioning properly. In a typical case, proper cancer 
suppressing gene function is demonstrated when an 
immunocomplex between the antibody and the cancer 
suppressing gene protein product is formed. Failure of the 
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immunocomplex is indicative of defective, abnormal or 
absent cancer suppressing gene protein product. Thus, 
failure of the antibody to form an immunocomplex with the 
patient tissue sample substrate is indicative of a 
defective or absent cancer suppressing gene in the patient. 

The specific antibody is produced, in general, by 
utilizing the normal cancer suppressing gene protein 
product as an antigen according to known techniques. Other 
conventional techniques may also be employed for producing 
the desired antibodies. 

As a specific example of the technique herein 
disclosed, the protein product of the RB gene has been 
identified. According to the method disclosed in pending 
U.S. patent application Serial No. 098,612, 
immunoprecip itation of the phosphoprotein was accomplished 
utilizing preimmune rabbit anti-sera and, as disclosed in 
said application, a protein with MW 110-114kD was 
immunoprecip itated with anti-ppRB 110 IgG. 

D.l DIAGNOSTIC PROCEDURES FOR DETERMINING 
CANCER PREDISPOSITION 
Once the cancer suppressing gene is identified and 
cloned, the clone is useful diagnostically. In this 
regard, patients can be screened for their predisposition 
toward cancer, by observing the phenotypical expression of 
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a cancer suppressing gene in a tissue sample taken from a 
patient. 

D2. IDENTIFICATION AND CHARACTER! Z ATI ON 
OF THE RB PROTEIN 
As a specific example relative to the retinoblastoma 
cancer suppressing gene, phosphoprotein product of the 
retinoblastoma susceptibility gene has been located 
primarily in the cell nucleus having DNA binding activity. 
Its amino acid sequence has been identified. The 
phosphoprotein, identified as ppRB 110 is utilized in 
diagnosing retinoblastoma and other cancers involving the 
retinoblastoma gene, and, to some extent, in the treatment 
of these cancers and in evaluating the oncogenicity of 
other genes. 

While the identification of ppRB 110 is summarized 
herein, for a complete disclosure thereof, reference may be 
made to the foregoing identified pending patent application 
Serial No. 098,612. 

As stated in pending U.S. patent application, Serial 
No 098,612, experimental evidence indicates that complete 
inactivation of the RB gene is required for tumor 
formation, and that a new mode of function exists for the 
RB gene as a suppressing of the cancer phenotype. 
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Since gene action is generally intermediated by its 
protein product, it appears that the RB gene protein 
product would have a gene- regulatory activity. 

Therefore, obtaining the complete amino acid 
sequence of the RB gene protein product, specific anti- 
retinoblastoma protein antibody , its biochemical 
characterization, subcellular localization and its DNA 
binding activity, are of importance for further 
elucidation of the RB gene regulatory and oncogenic 
activity. 

The amino acid sequence of a protein can be 
determined by the genetic code of the particular gene 
responsible for that particular protein. Therefore, in 
order to isolate the protein, to determine its exact amino 
acid' sequence and to determine its physiological function 
in the body, it is necessary to isolate and localize the 
responsible gene, to clone it and to sequence the cDNA 
which are useful in identification of the gene's specific 
protein product. 

Using the method of chromosomal walking from other 
chromosome 13 markers, retinoblastoma gene and encoding of 
the amino acid sequence was identified at 13 chromosome, 13 
ql4:ll region. By using esterase D cDNA clones and by 
screening the genomic and cDNA overlapping clones RB-l and 
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RB-2 of 1.6 kb, respectively, were identified in human cDNA 
libraries. Later on, another clone RB-5 was also 
identified. 

First, the RB-I clone was hybridized with 4.8 kb 
mRNA transcript in human fetal retina and placenta. In 
retinoblastoma samples, RB-1 clone either detected an 
abnormal mRNA transcript or the mRNA transcripts were not 
observed at all. Subsequently identified RB-5 clone, with 
a 3.5 kb insert, gave identical results as RB-1 in mRNA 
hybridization. Restriction enzyme analysis suggested that 
RB-5 and RB-1 clones overlapped in a 0.4 kb region and both 
together defined a ONA segment of about 4.6 kb, a size 
close to that of the normal RB mRNA transcript. 

Nucleotide sequence analysis of clones RB-1 and RB-5 
was performed by the dideoxy-terminator method described in 
Proc. Natl. Acad. Sci. . 74:5463-5467 (1977) and yielded the 
reconstructed complete cDNA sequence. Different deletion 
templates were generated by the "cyclone" method in single 
stranded M13 phage clones, which yielded greater than 95% 
of the sequence. The remaining gaps were sequenced by 
primer extension in both strands. The complete sequence 
identified in this way contained 4,523 nucleotides. 

Further analyses supported the belief that the RB 
gene product was a nucleic acid-binding protein. In 
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addition, nucleotide sequence analysis of RB cDNA clones 
demonstrated a long-open reading frame encoding a 
hypothetical protein with features suggestive of a DNA 
binding function. It was identified and used as an antigen 
for obtaining specific antibody and to determine its 
predicted DNA binding. 

After preparing specific rabbit polyclonal antibody 
against RB protein, the purified anti-RB IgG antibody was 
used for immunoprecipitation, immunostaining and 
localization of RB protein. It was believed that the 
antibody will be useful for diagnostic identification of RB 
protein in human tissue samples. 

To identify the RB protein, several human cell lines 
known to have either normal or altered RB expression were 
selected. 

IAN-1 neuroblastoma cell line normal human 
fibroblasts, human hepatoma Alexander cell line and 
osteosarcoma U20S cell line were used as positive controls 
containing normal RB mRNA. All these cells were obtained 
from the American Type Culture Collection (ATCC) , Inc. 
depository. Cell lines with expected shortened or absent 
RB mRNA, such as retinoblastomas cell lines Y79 (ATCC) , 
RB355 (Gifted from Robert Philips, Toronto, Canada), WERI- 
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1, WERI-24, and WERI-27 (Gifted from T. Sery Wills' eye 
hospital, Philadelphia) were used as negative controls. 

All normal human cell lines as described above and 
all cells from five retinoblastomas were labeled with 3S S- 
methionine and immuniprecipitated with preimmune rabbit 
antibody IgG or rabbit anit-RB IgG. 

Cells from all human cell lines were metabolically 
labeled with 35 S-methionine according to procedure 
described in J.Virol . 38:1064-1076 (1981). Labeled cell 
mixtures were immunoprecipitated with 1-20 ul, preferably 
10 ul, of from 50 ug/ml - 200 ug/ml, preferably 100 ug/ml 
of anti-RB antibody IgG using the procedure described in J. 
Virol . 38:1064-1076 (1981). 

In all control cell lines a protein doublet with 
apparent molecular weight of 110-114 kD was detected. In 
retinoblastoma cell lines, or in cells immunoprecipitated 
with preimmune serum the protein doublet was not detected. 

The RB proteins immunoprecipitated with rabbit anti- 
RB IgG were analyzed by SDS/polyacrylamide gel 
electrophoresis and auto-radiographed. The results 
indicated immunoprecipitation of the normal positive, i.e. 
RB protein containing cell lines labeled with 35 S- 
methionine. 
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D2. LOCALIZATION AND FUNCTION OF PPRB 3J& 
The cells from several vertebrate species, such as 
QT6 (quail) , NIH/3T3 (mouse) , Rat-2 (Rat) and cos (monkey) 
were labeled with 32 P-phosphoric acid and proteins were 
immunoprecipitated with anti-RB IgG. Antigenically related 
proteins were detected in all cells with apparent similar 
molecular weights of 108 kD in quail, 120 kD in mouse, 128 
kD in rat and 108-110 kD in monkey, as compared to 110-114 
kD in human cells. 

The predicted whole amino acid sequence of the 
ppRB 110 protein has several characteristics similar to 
those appearing in other oncogenes. Therefore, the 
subcellular localization of the ppRB 110 was investigated by 
cellular fractionization to identify the distribution of 
ppRB 110 among the nuclear, cytoplasmic, or cell membrane 
fractions. 

It was determined that 85% of ppRB 110 was found in 
the nuclear fraction, while a small amount of the ppRB 110 
was located in the cell membrane. There was no detectable 
presence in the cytoplasmic fraction. 

To further substantiate that the ppRB 110 is 
localized primarily in the nucleus, the osteosarcoma cell 
lines U20S known to have an advantageous cell meorphology 
for immunohistochemical staining were used. As an 
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experimental group, the U20S cells were immunoprecipitated 
with. anti-ppRB 110 IgG. As a control group, the U20S cells 
were immunoprecipitated with preimmune IgG. Both groups 
were then incubated with rhodamine conjugated goat anti- 
rabbit IgG obtained commercially from Sigma. 
Immunofluorescence was observed in cells reacted with anti- 
ppRB 110 IgG, namely in the cell nucleus. Cells reacted 
with preimmune control did not show any fluorescence. 

The subcellular localization of ppRB 110 in the 
nuclear fraction suggests that the RB protein plays an 
important regulatory function in regulating other genes and 
has a DNA binding activity. 

Certain cell lines, particularly those from tumors 
others than retinoblastome, such as neuroblastome LAN-l 
cells were radioactively labeled with 32 P-phosphoric acid. 
Cellular lysates of these labeled cell mixtures were 
separated by single or double stranded calf thymus DNA- 
cellulose columns according to the method described in 
Mol.Cell. Biol. , 6:4450-4457 (1986). 

The results obtained suggest that the ppRB 110 binds 
only to a limited number of DNA sites that are easily 
saturated. It has been previously shown that other 
protooncogens such as c-myc, n-rayc, c-myb and c-fos are 
nuclear phosphoproteins with DNA binding activity Mol. 
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Cell. Bill. . 6:4450-4457 (1986), Nature . 296:262-266 
(1982). Oncogenic activation of these proto-oncogenes 
occurs by deregulation of gene expression or by structural 
modification, and the gene product is essential for 
oncogenicity. 

While radioimmunoassay techniques were utilized, it 
is to be understood that the methods, such as enzyme 
immunoassay (Western blotting analysis) , immunocytochemical 
assay, and others, are also suitable. 

D4_* REGUIATORY FUNCTION OF ppRB^O 

It is the ppRB 110 absence, and not its presence, 
that appears to be oncogenic due to the partial or complete 
inactivation of the RB gene. Therefore, the presence of 
the ppRB 110 somehow suppresses the oncogenic activity of 
other genes and disallows malignant cell growth. The 
ppRB 110 is thus an important regulatory protein which may 
prevent and inhibit, by its presence, and trigger, by its 
absence, the malignant growth. Thus, the importance of 
ppRB 110 is in regulating other genes. The absence or loss 
of ppRB 110 mediates oncogenicity. 

25^ PPRB ^IP - AS A DIAGNOSTIC TOOL 

The role of ppRB 110 as a mediator of oncogenicity 
leads to several practical applications. 
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Another use is for tumorigenesis suppression where 
the absent ppRB 110 will be provided through molecular 
induction and gene transplanting of the RB cDNA to the 
individual in need of ppRB 110 . 

Still another application is the suppression of 
cancerogenous growth by providing the intact RB gene 
directly to the tumor cells. The cells in turn produce 
ppRB 110 which then effects the other tumorous cells. 

E. GENE THERAPY AND PROHPYIAXIS 
As previously described, diagnostic techniques, 
according to this invention, are useful in determining the 
susceptibility of individuals to cancer. However, in order 
to provide therapy and/or prophylaxis, the cloned cancer 
suppressing gene itself is delivered to the organism for 
controlling the suppression of cancer. The delivery of the 
cloned gene is achieved by conventional vectors, and in 
some applications, the cloned gene is appropriate for 
topical application. 

The preferred delivery techniques include utilizing 
viruses liposimes, and other vectors. Delivery of cloned 
cancer suppressing genes, by means of suitable vectors, has 
prophylactic and/or therapeutic effects on patients having 
a defective or absent cancer suppressing gene while no 
adverse side effects would be experienced by the individual 
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having the normal genetic complement. When a prophylactic 
situation is indicated, such as when a predisposition to 
cancer has been determined, for example by investigative 
diagnosis, cloned cancer suppressing genes are delivered to 
the patient. As indicated above, it is not expected that 
the administration of such cloned genes will adversely 
effect the individual with the ormal genetic complement. 

As an example, the RB gene was tested 
therapeutically and prophylatically . Given the 
hypothetical cancer suppressing activity of the RB gene, an 
assay system for RB gene function was developed by 
introducing the gene into cultured tumor cells containing 
inactivated endogenous RB genes. Failure to find an effect 
in this simple assay would not necessarily invalidate the 
notion of genetic suppression of cancer. However, a 
positive result (suppression of the neoplastic phenotype) 
was realized to strongly reinforce this concept. 

Direct detection of RB gene mutations would have 
clinical utility for the following reasons: 1) sporadic 
unilateral hereditary and nonhereditary cases could be 
distinguished by examining patients' fibroblasts, allowing 
accurate assessment of risk for second primary cancers and 
for transmission to offspring? 2) genetic diagnosis would 
be possible without informative RFLPs or without examining 

<18173-02.210> 


other family members. As described above, the intron 1 
probe may be useful for this purpose depending on what 
fraction of mutant RB genes have rearrangements in this 
region, other common sites of mutation in the RB gene 
might be identified, and probes designed specifically for 
their detection, it is possible that the RB gene promoter 
may be one such common site. 

Antibodies to the RB protein may have diagnostic 
and/or prognostic application in clinical medicine. For 
example, mutations in the RB gene could be inferred by 
absence of immuniperoxidase staining of tumor sections, 
with nonneoplastic stroma providing an internal positive 
control. RB antibodies might be used to resolve 
anbiguities in tissue diagnosis of bone or soft-tissue 
neoplasms? Perhaps breast cancers could be usefully 
subclassified on the basis of RB gene involvement. 

Finally, if inactivation of the RB gene is the 
primary cause of retinoblastoma and other cancers, then 
restoration of normal RB gene activity by gene transfer is 
a novel approach for future cancer therapy. 

In order to test RB gene function at the cellular 
level, an assay system utilizing Rb and lux viruses was 
developed to introduce the gene into cultured tumor cells 
containing inactivated endogenous RB genes. 
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SI* PRODUCTION OF Rb AN D LUX VTURUS INFECTION 

OF TUMOR CELL LINES 
As an example of utilization of gene therapy, cloned 
RB genes were utilized in vivo and invitro studies. In 
this regard, cloned RB genes were introduced into tissue 
cultures. As another example, cloned RB genes were 
delivered prophylactically to one side of a nude mouse. 
Subsequently, carcinogens were introduced into both sides 
of the nude mouse. Tumor development was observed on one 
side while the side which had been prophylactically treated 
with cloned RB genes showed no tumor development. 

Production of Rb and Lux viruses . Two different 
anphotropic retroviruses were constructed as shown in FIG. 
1. One, Rb virus, consisted of MuLV LTRs (Moloney murine 
RB cDNA, and neo fused to the RSV (Rous sarcoma virus) 
promoter (LTR-RB-RSV-Nne-LTR) Proc. Natl. Acad Sci. 80:4709 
(1983). Neo encodes Tn5 neomycin phosphotransferase that 
confers resistance to the neomycin analog G418, and was 
used to select against noninfected cells J.Mol. AppI. 
Genet^ 1:327 (1982). 

The other, Lux virus, was identical except that RB 
was replaced by the lucif erase gene Mol. cell. Biol. 7:725 
(1987) . The lucif erase gene served not only as a control 
for specific effects of the RB gene, but also as a means to 
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examine expression efficiency of the viral construct in 
different cells types. These two plasmids containing 
proviral DNA were then transfected into PA12 cells, which 
carry a packaging-deficient provirus and express all the 
necessary components for virus production including 
amphotropic envelope glycoproteins Mol. Cell. Biol. 5:431 
(1985) (FIG. IB) . 

Since this step produced very little infectious 
virus, supernatants harvested from transfected PA12 cells 
were used to infect the ecotropic helper line psi-2 Cell 
33:153 (1983); ibid 37:1053 (1984). Individual G418- 
resistant colonies were isolated and screened for virus 
production and RB protein expression. Among 10 clones 
screened, eight produced 10 3 - 10 5 G4 18 -resistant cfu/ml 
when assayed with 208F rat fibroblasts as indicator cells. 

Both parental clones and infected rat 208F cells 
expressed normal-sized human RB protein (110 JcD) in 
addition to rodent RB protein (125 kD) when labeled with 
32 P-orthophosphate and immunoprecipitated. with a polyclonal 
anti-RB antibody (anti-fRB) Nature 329:642 (1987). 
Finally, esotropic virus was used to infect PA12 cells, and 
a number of G4 18 -resistant clones were screened for virus 
production and for expression of human RB protein. Five of 
10 clones expressed RB protein, the highest titer being 


<18173-02.210> 


4xl0 4 cfu/ml. Lux virus was obtained by an identical 
procedure except that colonies were screened for luciferase 
expression (FIG. IB) ; the highest titer was lxlO 5 cfu/ml. 
These two viral stocks were used for all studies described 
below. 

Infection of tumor cell lines? expression of RB 
protein . Retinoblastoma cell line WERI-Rb27 and 
osteosarcoma cell line Saos-2 carry inactivated RB genes, 
as shown by the absence of normal RB protein Nature 329:642 
(1987) ; J-Y Shew et al . unpublished. Both cell lines had 
partial deletions of the RB gene Proc. Natl. Acad. Sci . 
85:2210 (1988); ibid 85:6017 (1988) and are referred to as 
RB-cells. Another osteosarcoma cell line, U-20S, expressed 
normal-sized RB protein and had apparently normal RB 
alleles Nature 329:642 (1987). These cell lines were used 
as recipients for infection by RB and Lux viruses. Due to 
the low titer and efficiency of infection by amphotropic 
retrovirus, all assays included selection with G418 to 
remove uninfected cells. After infection with RB virus and 
G418 selection, RB-cell lines expressed normal-sized RB 
protein when labeled with 32 P-orthophosphate (FIG. 2A, 
lanes 2 & 4) ; Lux- infected RB-cells expressed no RB 
protein. As expected, RB protein expression in U-20S cells 
was not detectably altered after infection with Rb virus 
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because of the presence of endogenous RB protein. However, 
G418 resistance of the selected clones indicated that viral 
infection had occurred. 

To further verify the newly expressed RB protein in 
tumor cells, its cellular localization was examined. Most 
of the endogenous RB protein was localized to the nucleus 
in U-20S cells, as indicated by both cell fractionation and 
immunostaining. Rb virus- infected Saos-2 cells were 
immunostained using anti-fRB antibody. Nuclei were 
strongly positive for brown chromophore, reflecting RB 
protein location. Lux virus-infected cells were entirely 
unstained under the same conditions. Therefore the newly 
expressed RB protein was indistinguishable from native RB 
by three major biochemical indices (molecular weight, 
cellular localization and phosphorylation) . RB gene 
expression in cells infected with Rb virus was monitored by 
immunoprecipitation with anti-fRB antibody before all 
subsequent experiments. 

In order to establish that restoration of RB protein 
expression in RB cells influenced cell morphology and 
inhibited growth, the in vitro effects of RB gene 
expression were tested, cultures of RB and Lux virus- 
infected tumor cells were compared after G418 selection as 
illustrated in FIG. 3. The morphology of U-20S cells, 
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grown as a monolayer, was unchanged after infection with 
either virus. Monolayer culture of Saos-2 cells were 
unchanged by Lux virus infection, but showed obvious 
morphological alterations after Rb virus infection. 
Starting at two weeks post infection, two distinct cellular 
populations of G4 18 -resistant cells were reproducibly 
observed. The majority of cells became flattened and 
greatly enlarged in average diameter (3 -10 fold) compared 
to Lux virus-infected or uninfected cells (FIG. 3). The 
remaining cells were smaller and resembled uninfected 
parental cells. After four weeks in culture and further 
passaging, the larger cells were replaced by smaller cells 
that resembled parental or Lux virus-infected Saos-2 cells. 
Suspension cultures of WERI-Rb27 cells were also unchanged 
by Lux virus infection. Four weeks after Rb virus 
infection, however, moderately enlarged cells appeared that 
became increasingly numerous up to eight weeks. Large 
clumps of dead cells were also observed starting at six 
weeks (FIG. 3) . After prolonged culture (< 10 weeks) , 
smaller cells that resembled parental or Lux virus-infected 
cells again became the predominat cell type. 

Variation in numbers of these morphologically 
distinct populations suggested that the two cell types 
differed in rates of cell division and/or longevity in 
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culture. This difference was quantified for monolayer 
osteosarcoma cells using a colony growth assay. Infected 
Saos-2 and U-20S cells were plated at low density, and 
individual colonies formed by these cells were identified 
(FIG. 4) . The number of cells in each colony, counted 
under a microscope, was followed over five days. With 
Saos-2 cells, the majority of colonies generated by Rb- 
virus infected cells either grew much more slowly than 
colonies of Lux virus-infected cells, or stopped growing 
completely after a few days (FIG. 4 A) . However, a few 
fast-growing colonies were always present. Colonies of U- 
20S cells infected with either virus did not differ in 
growth rate (FIG. 4B) . Subpopulations of WERI-Rb27 cells 
could not be separately tracked because cells grew in 
suspension. However, bulk population growth of WERI-Rb27 
cultures was noticeably slower after Rb virus infection. 
These results indicate that restoration of RB protein 
expression in RB-cells influenced cell morphology and 
inhibited growth. 

It was speculated that Rb virus-infected Saos-2 
tumor cells that divided rapidly despite G418 selection 
were nonsuppressed due to a defective viral RB gene. To 
test this proposal, fast-growing colonies of Saos-2 cells 
were cloned and grown into mass cultures, and expression of 
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the RB protein was examined by immunoprecipitation. As 
shown in FIG. 5, nine of nine clones had completely lost RB 
protein expression despite continued G418 selection. Since 
Rb virus -infected Saos-2 cells in early culture expressed 
RB protein (FIG. l) , it was reasonably deduced that small, 
fast-growing cells did not contain RB protein. 
Inactivation of the proviral RB gene was not unexpected 
since native or recombinant retroviruses are prone to 
frequent mutations or epigenetic suppression of gene 
expression Virol. 46:939 (1971); J.Virol . 17:74 (1976); 

ifeM 50:42 (1984); Mol . Cell Biol . 6:1141 (1986). 

Now, with further reference to the figures, FIG. 1A 
discloses construction of Rb virus. Plasmids p^LRNL and 
pGeml:Rb4.7 were digested with restriction endonucleases as 
shown, and appropriate fragments were ligated to form 
pLRbRNL. Only selected restriction sites are shown (H, 
Hind III; c, cia I; S, Sma I; Sc f Sea I; R, EcoR I). LTR, 
long terminal repeat of moloney murine leukemia virus; Lux, 
lucif erase gene; rsv, Rous sarcoma virus promoter; Neo, Tn5 
neomycin-resistance gene; Am r , ampicillin resistance gene; 
Rb, RB cDNA (4757 bp) ; TGA, stop condon. 

FIG. IB relates to production of amphotropic Rb and 
Lux viruses. Plasmids pLRbRNL or pLLRNL were transfected 
into amphotropic packaging cell line PA12 by calcium- 


<18173-02.210> 


80 

phosphate precipitation. Viral supernatants were harvested 
after 48 hours and used to infect ecotropic packaging cell 
line psi-2. After 3-4 weeks of G418 selection, resistant 
colonies were assayed for virus production by infecting 
208F rat fibroblasts. RB or Lux gene expression in G418- 
resistant 208F colonies was analyzed by immunoprecipitation 
with anti-FRB antibody for the Rb virus, or by detection of 
lucif erase activity for the Lux virus, virus 4 " and Rb + or 
lux + clones were selected as ecotropic stock lines. Viral 
supernatants were used to infect PA12 cells and amphotropic 
stock lines were isolated by repeating the process of G418 
selection and analysis of neo r colonies for virus 
production and RB or Lux gene expression. 

FIGS. 2A and 2B depict expression of RB protein in 
Rb virus-infected retinoblastoma and osteosarcoma cell 
lines, in FIG. 2A f WERI=Rb27 (lanes 1 & 2) , Saos-2 (lanes 
3 & 4) and U-20S (lanes 5 & 6) cells were infected with Rb 
virus (lanes 2 f 4, & 6) or Lux virus (lanes 1,3 ,& 5) and 
grown in the presence of G418 (800 ug/ml for Saos-2 and U- 
20S and 1.0 mg/ml for WERI-Rb27) for 2 weeks (Saos-2 and U- 
20S) or 4 weeks (WERI-Rb27) . Cells were then labeled with 
32 P-phosophoric acid (0.25 mCi/ml) for three hours. 
Cellular lysates were immunoprecipitated with rabbi anti- 
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fRB igG (14) and analyzed on 7.5% SDS-polyacrylamide gels 
as described. RB protein (ppllo RB ) is indicated. 

In FIG. 2B, Saos-2 cells were infected with Lux 
virus (panel a) or Rb virus (panel b) and grown in G418- 
containing medium for 3 weeks in 60-mm dishes. Dishes were 
washed with PBS between each of the following steps: cells 
were fixed with 4% formaldehyde in 0.04M phosphate buffer 
(pH 7.4) for 20 minutes, and immersed in 1% H 2 0 2 in 0.04M 
phosphate buffer for 10 minutes. Fixed cells were 
preincubated with normal goat serum for 10 minutes and then 
incubated with rabbit anit-fRB IgG diluted in 0.02% Triton 
X-100 overnight. After washing, biotinylated goat anti- 
rabbi IgG (TAGO, Burlingame, CA) was added to dishes. One 
hour later, cells were incubated with AB complex conjugated 
with horse radish peroxidase (Vector Labs, Burlingame, CA) 
for 30 minutes and then incubated with substrate (0.05% 
3 , 3 ' -diaminobenzidine tetrahydrocholoride and 0.01% H 2 0 2 in 
0.05 M Tris-HCl, pH7.6) (Polysciences , Inc.). Reactions 
were stopped 3-5 minutes later by washing cells with PBS> 
Cells were photographed with a Nikon diaphotomicroscope . 

FIG. 3 depicts morphological effects of Rb or Lux 
virus infection in retinoblastoma and osteosarcoma cell 
lines. WERi-Rb27 (a & d), Saos-2 ( b & e) , and U20S (c & 
f) cells were infected with Lux virus (a-c) or Rb virus (d- 
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f) and cultured in G4 18 -containing media (concentrations as 
in FIG. 2A) for 8 weeks (WERI-Rb27) for 4 weeks (Saos-2 and 
U-20S) . Cells were photographed in phase contrast with a 
Nikon diaphotomicroscope (magnification x 320 in all 
panels) . The arrow points to an enlarged WERI-Rb27 cell 
while the arrowhead points to a normal-sized WERI-Rb27 
cell. 

FIG. 4 graphically illustrates the growth effects of 
Rb and Lux virus infection on retinoblastoma and 
osteosarcoma cells. Suspension cultures of WERI-Rb27 cells 
(A) were infected with Rb virus (squares) or Lux virus 
(circles) for 2 days and grown in the presence of G418 for 
8 weeks. 1 x 10 s cells were then seeded in 200 ul of 
culture medium in individual wells of 96-well microtiter 
plates (day 0) . Three wells were harvested on each of day 
1 to day 5 and counted in a hemacytometer. Average cell 
number/well (+ 1 S.D.) is shown. Monolayer cultures of 
Saos-2 (B) and U-20S (C) cells were infected with Rb virus 
(squares) or lux virus (circles) for two days, then plated 
in 60 mm dished and grown in G4 18 -containing medium for 7 
days. Similar numbers of neomycin-resistant colonies were 
present in each dish; about 50 randomly selected colonies 
were marked and the number of cells in each colony was 
determined under the microscope (day 1) . Numbers of cells 
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in the same colonies were measured during the next 4 days. 
Average cell number/colony (+ l s.D.) is shown. In dishes 
with Rb virus-infected Saos-2 cells, two subpopulations of 
colonies were clearly distinguished, one slow-growing (n = 
41, filled squares) and one fast-growing (n = 6, empty 
squares) ; these were plotted separately. 

In FIG. 5, RB gene expression in fast-growing Saos-2 
colonies infected with Rb virus is depicted. Individual 
fast-growing Saos-2 colonies (lanes 1-9) were isolated and 
grown into mass cultures in G4 18 -containing medium. These 
cells and U-20S cells (lane C) were labelled with 32 P- 
phosphoric acid and cellular lysates were 
immunoprecipitated as described in relation to FIG. 2A 
above. RB protein (ppRB 110 ) is indicated. 

To test the influence of the RB protein on 
anchorage- independent growth, osteosarcoma cells infected 
with either Rb or Lux virus for their ability to grow in 
soft agar were assayed J.Virol . 38:1064 (1981). Different 
densities of cells were initially seeded and the numbers of 
resulting colonies were scored. As shown in Table 2, 
colony formation by Rb virus-infected Saos-2 cells was 
markedly reduced compared to uninfected or Lux virus- 
infected cells. In contrast, colony formation by U-2 0S 
cells did not vary significantly with regard to type of 
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infection (Table 2) . These data indicate that Saos-2 
colonies formed in soft-agar could be derived from fast- 
growing cells. Therefore, anchorage- independent growth was 
retarded by exogenous RB protein in osteosarcoma cells 
lacking endogenous RB protein. 
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TABLE 2 


Soft-agar colony formation of Rb or Lux virus-infected osteosarcoma cells. 


Colony number of 


Saos-2 U-20S 
cell number seeded - Lux Rb - Lux Rb 


LOxlOS TMTC 396 56 384 340 290 

23x10* 124 138 7 109 151 90 


Cells infected with Rb or Lux virus were grown in G418-eontaining medium for 10 days. Viable 
G4 IS -resistant and parental ceils (-) were seeded in duplicate at various dilutions in 035% soft agar as 
described (24). Total colony numbers were scored after 20 days of growth. Individual colonies of Saos-2 
contained more than 50 cells, whereas U-20S contained about 30 cells. TMTC Too many to count. 
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An important experimental test of neoplastic 
behavior is the ability of injected cells to form tumors in 
nude mice. Conversely, loss of tumorigenicity is the- most 
important validation for suppression of the neoplastic 
phenotype by the RB gene. WERI-Rb27 was considered a good 
candidate for the tumorigenicity assay, since it 
consistently formed tumors in nude mice three weeks after 
injection of 1-2 x 10 7 cells (Table 3) . 

On the other hand, Saos-2 and U-20S were only 
poorly tumorigenic. Two experiments were performed with 
WERI-Rb27 cells, one at three weeks and one at five weeks 
post infection with each virus in which 2 x 10 7 viable 
infected WERI-Rb27 cells were injected into the flanks of 
nude mice; right flanks was used for Rb virus-infected 
cells, and left flanks of the same mice were used as 
controls with Lux virus-infected tumor cells. Seven of 
seven mice formed tumors only on the left side (from Lux 
virus-infected cells) , whereas zero of seven formed tumors 
on the right side (from Rb virus -infected cells) followed 
bilateral injections of WERI-Rb27 cells infected as above 
(Table 3 ) . Thus exogenous RB protein demonstrably 
suppressed tumor formation in one highly tumorigenic 
retinoblastoma cell line. Rb virus infection severely 
retarded the growth rate of Saos-2 cultures, so it was 

<18173-02.210> 


87 

impossible to accumulate sufficient numbers of infected 
cells for our assay. 

These in vitro and in vivo results support the 
conclusion that replacement of the RB-tumor cells 
suppressed their neoplastic behavior, while tumor cells 
with apparently normal RB genes were not so affected. 


<18173-02.210> 


88 


TABLE 3 


Tumorigenicicy of RB or Lux virus-infected WERI - RB27 cells. 

No. of Mice with tumor / No. of mice injected 


Experiment # Parental Lux Rb 


1 5/5 5/5 0/5 

2 2/2 0/2 


Cells infected with Rb or Lux virus were grown in G418-containing medium for 3 weeks 
(experiment 1) or 5 weeks (experiment 2). Cell viability was verified by trypan-blue exclusion, 
and 2 x 107 viable virus-infected cells were injected subcutaneously into either flank of the same 
nude-mouse. The same number of uninfected parental cells were injected in to othcr.micc. 
Tumor formation waa scored after two months as presence or absence of a palpable tumor mass. 
-: not done. 
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E6. USE OF THE RB GENE IN CANCER SUPPRESSION 

Since two different meanings are attached to the 
term "cancer suppression", the following distinction may be 
drawn. Detection of inactivating mutations of the RB gene 
in natural human tumors supports the idea that the RB gene 
normally functions to "suppress" or "prevent" tumor 
formation in susceptible precursor cells. However, this 
does not necessarily imply that replacement of this gene 
would "suppress" or "revert" neoplastic cells to more 
normal behavior later in their evolution. For example, 
failure of the RB gene to suppress RB-tumor cells might be 
due to the acquisition of multiple additional alterations 
during oncogenesis. To test these possibilities, 
interventional experiments were conducted. In this initial 
study, a normal RB gene was introduced by viral mediated 
gene transfer into cultured human tumor cells that lacked 
endogenous RB protein. Suppression of the neoplastic 
phenotype was observed both by in vitro indices, such as 
soft agar colony formation, and by an in vivo assay, that 
of tumorigenicity in nude mice. Therefore, the cloned 
retinoblastoma gene indeed satisfied one definition of a 
human cancer suppressing gene: it functioned to suppress 
neoplastic behavior of certain tumor cells. As expected, 
no suppression effects of exogenous RB protein were 
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observed in tumor cells that contained an intact endogenous 
RB gene. 

Tests have established that the RB gene has a role 
in the suppressing of multiple types of human cancer. The 
RB gene was initially defined as the genetic element 
conferring susceptibility to hereditary retinoblastoma. 
Children surviving this form of retinoblastoma were highly 
predisposed to second primary tumors later in life, 
suggesting a broader role for the RB gene in other cancers 
J. Cell. Biochem . in press (1988) . Mutations of the RB gene 
are often detected in retinoblastoma tumors; the most 
sensitive indicator is absence of RB protein, which has 
been observed in all retinoblastomas tested to date Nature 
329:642 (1987). Using similar techniques, complete 
inactivation of the RB gene has also been found in a wide 
variety of nonretinoblastoma tumors such as osteosarcoma, 
synovial sarcoma and other soft tissue sarcomas, breast 
carcinoma and small cell lung carcinoma cancer Res . 48:3939 
(1988); Hum. Pathol . 19:487 (1988); Proc. Natl. Acad. Sci . 
84:9059 (1987); Science 241:218 (1S88) ; ifeid. 241:353 
(1988); J.Y. Shew et al. unpublished. Thus, it has been 
demonstrated that a normal RB gene has cancer suppression 
activity not only in retinoblastoma cells but also in RB- 
osteosarcoma cells; similar effects have been observed in 
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RB-breast cancer cells (E.Y.-H.P. Lee & W.-H. Lee, 
unpublished) . In conjunction with observations of rb 
mutations in natural human tumors, these results support 
the conclusion that loss of this gene is a critical step, 
perhaps the initial step, in the genesis of several kinds 
of human cancer. 

Pending U.S. patent application Serial No. 108,748 
discloses and claims the RB gene and its clone. The RB 
gene and its clone had the nucleotide sequence depicted in 
Table 2. 
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TABLE 4 

'T«esmTlCtCA0Wa»COnCAMtTATmTtttAACeOOA0TC«0eAOAMAC8«^ 1M 

ececescBaAAAo«c«tcM«eoccauuukectcccGJUMMCc^ U9 

(gjPPKTPtKt ,AATAAAAAA t t .EPAEffEfyf. | | « • | <J*> 

MccACACcecccccwcACCfccctCTcqtCAcwn 340 

TOattMCTtOOttAQAMflltTCMCTttTOCAtOOAOTAITOOttAOgtmATTCUAAW^ 440 

vttwixvttVDoviaav i okkkiluo i ci r lAAvet»iQjt (1H» 

tfCACTtnACtUecrACAaAAAAACATAOAAATCAOTeTCCATAAATTCTTtMCTTACTAAAAIlAM iOO 

r t r t i t. a k m t t i tvnKrr.tti.ici iotrtrvoraririikk (ISO 

"tOAmAtiaimCACTCTTCAeCAAAfTMAAAaQACATeTCAACTTATATAmaAtt TM 
TSVUrAlftKlCRTCItiTtTQ'ttllttl.llltALV. LXV S.tlf*) 

"UTCAUmTtAUAeeTAAAMaaAAVTATtACAAATQaAAQA^ M« 

VI I ritAKOIVlONtOOlV I If QIKICVL9YF I K I I f M I (2)4) 

CTCAAABAACeATAfAAAACACCTCTIATACCCATTAATCgTTCACCtCgAACAC^ fM 

lKEF'YKIAVIr'tX8>*RT*RRaaRRSARlAKRlEH0Ttll (J/*> 

e * M " e / eT ; T ^ c ^ T ^™»AATAIAOATeAOfltOAAAAAtOmAm tMO 

(VICKtNf CM I OIVKMVTFKMf i rrMNtieivriHsircv (SU) 

MAMICUtCTAAACUTACaAAaAAATTTATCTTAAAMfAMeArCTAaAtaeAAaArrATTtTreaATm woo 

I«LtlC«Ttt|T|.K|||CBI.0AlttrLeiieKTL0fBttP«rtr8 (SSI) 

AtAACACCACBAAAAAaTAArcTUteAAMaOTOAATaTAAf^ 1JJB 

*lF > ftKiRl0llVNVt>»Nt*VRTV*RTIO.«llll<ILRRAS» (SN) 

CAACCItCACAAAAtCTCAmCCTAtWAACAACtC^ U <9 

■ * S 8 ■ I 1 *YfMNCtVR*KES I I K R V K 0 1ST I FKSKfAKAV (454) 

g«^WTW0IMAMnBttAlCACA8CaATACAAACTtBeA^^ f)M 

•••CVKt«tairif,iaVRlTTRVNItNlKII-ICtlf|«ir« «m> 

AAAeiteraAAteAeAAeAnttreAtAMteTTTAttoflMToeoetctTOAoaff ims 

' f-RHR ItACALtVVMAT Y f R 8 T 80.RlBS8T8llf <SU) 

CytCWtCtBAAlOtCCTtAAtTrAAAABWTTeAtTrTTAeAAAOfMTeeAM ItOO 

•VI LHYlMtKAEB FYKV I E t f 1KAE0RLTRSH1 KRIIRCR (SH) 

CAtCftMieAtWAAICCCneWKWICT^TTWCTTTATTTMt^ „ M 

■ ■•n«il.AWt«B«#VfoitK«tK»RR«»tORtR»AC»l«t ISM) 
CCTCtCCAeAAfAAtCAaCTCW«eATAW^ 

rl " B ""*** B MTVRfVRt»KRKORTfRVRttARARtR)AfR (434) 

e«t»«ACA^CAA«e«TTOAAATCtAeCtCTCTTTCACIOTtttAtAAAAAA^ 

*»«i««ptrtrttftrYKicvTRt.ArtRtRtuctRi.t»iR» <»/*> 

eAAITA«MCATAtCAte»CMW»tfTeeAOCACAWT8CA0AATOAflTATW^ E2M 

> «i • < i » i w it ? i i i i i t i. x m u i i i i u c i it t n c u <no 

AAWtAtAOAeCttAAAneAAAAICAtTOTAAMCMTACAAe^ 

^■lPlKfK||YiATKOI.»RAVOErfKRVtlKEIirOtllV (7S4) 
tiefAtAAeitWt«teATCWBA8A«8AAAA^M 

twee»tAe«aAifeeteoA»»aAAMfetAtA»tmtccet^ 

» r *"»'«««IYIR»tKtrTKIRROt.»T»tK»T*R»Rltirt< («U» 

Att««t«MI«f tMOaACTteTaARAMf jeCAttAAMJAM^ _ 
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12* SUPPRESSION OF ONCOGENICITY IK VITRO AND 

IN VTVO BY THE RB GENE 

(a) Expression vectors containing functional RB 
cDNA clones were prepared as follows: A full-length 4.7 ]cb 
RB cDNA was constructed from three overlapping cDNA 
sequences, RB-1, RB-5, and Y79RB. This cDNA is placed 
under the control of either SV40 early gene promotor or LTR 
of Moloney murine leukemia virus and is inserted into a 
retroviral vector (MuLV-LTR-neo) . 

(b) Production of RB-virus: Infectious viruses 
containing RB genes are made from packaging cell lines 2 
after viral DNA-calcium phosphate coprecipitation in the 
presence of polybene. Forty eight hours later, the 
supernatant containing ecotropic RB-neo virus is harvested 
and used to infect pA12 cells, which is another helper line 
providing amphotropic envelop protein. While only a small 
fraction of pA12 cells are infected with ecotropic RB-neo 
virus, the positively infected pA12 cells are enriched 
under the G418 selection for the neo-resistant phenotype. 
Viral particles released from infected pA12 cells are 
pseudotypic with amphotropic envelop proteins and are able 
to infect species beside rodents. The virus can be checked 
for the presence of the RB gene by either hybridizing with 
RB probe or by its ability to express RB proteins. 
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(c) Phenotypic changes of retinoblastoma cells by 
RB gene: Several lines of retinoblastoma cells, such as 
Y79 or WERI-1, can produce palpable tumors in nude mice 
within 4 weeks. These cells were infected with infectious 
virus containing the functional RB gene and then assayed 
for their tumor igenicity . Meanwhile, the expression of RB 
gen in these infected cells was checked. LTR-neo virus 
carrying only neo genes were used as control. In addition, 
the infectious RB-virus was directly inoculated into 
established retinoblastoma tumors in nude mice and the 
suppression of tumor growth examined. 

E4. TRANSFORMATION BY INACTTVATION OF RB GENES 

(a) Infectious virus containing defective RB 
sequences were constructed similar to the procedures 
described above and used for targeted mutagenesis of the 
endogenous RB gene. 

(b) Fibroblasts from retinoblastoma patients, such 
as GM 1142 and S-362, contained only a single copy of the 
functional RB gene and were used as target cells for the 
inactivation of RB gene by homologous recombination. 
Colonies resistant to G418 are characterized according to 
the following parameters? (1) insertion site; (2) 
expression of RB proteins; and (3) transforming phenotype 
both in vivo and in vitro . 
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A view of the cancer suppressing characteristics of 
the RB gene, the use of the gene or its clone as a 
pharmaceutical has been established. In addition, the RB 
gene may be used for prophylactic prenatal and postnatal 
screening, and for prediction of the development of 
secondary cancer, such as osteosarcoma, fibrosarcoma, 
glioblastoma, breast cancer, and others, whether or not 
connected with retinoblastoma. 

It will be recognized that another use is the 
suppression of cancer growth by providing RB gene cDNA 
directly to the tumor cells, which cells in turn will 
product ppRB 110 which will effect the other tumorous cells. 

Although diagnostic and prophylactic methods with 
regard to the RB gene have been described, it must be 
understood that the present invention is intended to cover 
the use of any replacement gene as a pharmaceutical to 
treat animals, including humans, who have a cancerous 
condition or who have inactive, mutated or defective cancer 
suppressing genes. Injecting, treating, or by other 
appropriate means, the animal having a defective gene with 
its identical or nearly identical natural or cloned non- 
defective gene or gene fragment to treat and/or prevent 
cancer is what is intended by this invention. 
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ANIMAL MODELS FOR EVA LUATING SUSPECTED 

ENVIRONMENTAL INFLUENCE CARCINOGENICITY 
In order to determine carcinogenicity of suspected 
environmental influences, the cancer suppressing gen of an 
animal model is controlled by genetic manipulation to 
render it susceptible to carcinogenic influences. In this 
regard, one of a pair of cancer suppressing genes of the 
animal is rendered inactive, so that the offspring of the 
animal may be exposed to the expected environmental 
carcinogen for testing purposes. 

Tumor development of the animal thus exposed is a 
positive indication of carcinogenicity of the suspected 
environmental influence. 

As an example of production of a mouse model for 
evaluation of carcinogenicity of suspected environmental 
influences, a strain of mice had been developed having 
heterogenicity of the RB gene. Exposure of the mouse to a 
carcinogen results in alteration of the dominant RB gene 
thereby resulting in production of the homozygous, 
recessive condition with attendant tumor development. 

Understanding the molecular basis for transforming 
normal cell into a tumor cell is a major challenge for 
scientists studying tumor igenes is. For many experimental 
tumors, multiple stages of carcinogenesis have been 
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demonstrated Nature . 315:190, (1985). Recent studies have 
shown that activations of oncogenes might be involved in 
the initiation of carcinogenesis, and multiple oncogenes 
might be required in the process of immortalization of 
normal cells and the expression of transforming phenotype 
Nature 304:596, (1983). Generally, these oncogenes are 
dominantly acting genes and the expressions of these genes 
O products in excess quantity or in altered form are 

m necessary for malignant transformation. 

4° A major paradox in cancer biology arises from 

m studies with cell hybridization between normal and 

L malignant cells. It has been shown that the tumorigenic 

activity of malignant cells can be suppressed by genes or 
J!T chromosomes from normal cellsand the malignancy of the 
hybrid cell reverts after loss of DNA from normal cells. 
Adv. cancer Res. , 44:43, (1985). This suggest that 
tumorigenicity is recessive in nature and inactivation of 
these "tumor suppressing genes" may also be involved in the 
initiation of human tumorigenesis Science . 238:1539, 
20 (1987). 

Karyotypic examination of somatic cells 
(fibroblasts) from patients with hereditary retinoblastoma 
has shown visible deletions of the long arms of chromosome 
13 in some cases Birth Defects . 12:131, (1976). Similar 


<18173-02.210> 


98 

defections were observed in retinoblastoma tumor cells 
Cancer Genet . Cvtocrenet . 6:213, (1982). Band ql4 was common 
among all deletions and presumably contains a hypothetical 
gene (RB) determining the susceptibility to hereditary 
retinoblastoma. Based on the clinical observation, it has 
been suggested that initiation of tumor igenes is can result 
from as few as two mutation events and that retinoblastoma 
arises by the loss of both alleles at the same locus Proc. 
Natl. Acad. Sci. U.S.A. . 68:820, (1971); Cancer . 35:1022, 
(1975). Consequently, the presence of the hypothetical 
gene product would prohibit or suppress tumorigenesis while 
loss of the gene function will result in malignant growth. 

A gene on chromosome 13 has been identified as the 
RB aene Science . 235:1394, (1987); Nature . 323:643, (1986). 
It encoded a 4.7 kb mRNA transcript, expressed in most 
normal cells including fetal retina. Partial or complete 
deletion of this gene were detected in 2 of 6 
retinoblastomas examined while 4 had apparently intact 
genes. However, the RB mRNA was altered in 6 of 6 
retinoblastomas examined and the changes included either 
expression of shortened mRNA message (4.0 kb instead of 4.7 
kb) or absent expression. Complete loss of RB gene 
function in retinoblastomas was further confirmed at the 
level of protein translation Nature . 329:642, (1987). 
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Antibody raised against a segment of the RB gene 
product can immunoprecipitate a protein of 110 kd in normal 
cells and many non-retinoblastoma tumor cells. However, 
this 110 kd protein was absent in 5 of 5 retinoblastomas 
examined. This suggests its importance in the oncogenesis 
of retinoblastoma. Furthermore, this protein was found to 
be a phosphoprotein with DNA binding activity and located 
in the nucleus thereby suggesting its regulatory roles in 
the expression of genes. As discussed above, the 
phosphoprotein has been identified as ppRB 110 . 

Further genetic identification of the RB gene can be 
confirmed by its expected biological functions. Two basic 
questions can be addressed: 1) Whether oncogenicity of 
retinoblastoma cells is suppressed by the presence of 
functional RB gene products; and 2) Whether the absence of 
the functional RB gene results in the malignant phenotype. 
Introduction of chromosome 11 into Wilm*s tumor cells 
resulted in the suppression of tumorigenicity in nude mice 
although these cells remained morphologically transformed 
in tissue culture Science . 236:175, (1987). 

Of interest, also, is whether the single RB gene can 
suppress the tumorigenicity of retinoblastoma cells. 
Targeted mutagenesis by homologous recombination has been 
used successfully in inactivation of the myosin heavy chain 
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gene in Dictvostelivm discoideum Science . 236:1086, (1987). 
Targeted mutagenesis with homologous recombination has also 
been shown in diploid cells as well as mouse embryonic stem 
cells Cell, 44:419, (1986); Cell . 51:503, (1987). 
Therefore, inactivation of the RB gene by targeted 
mutagenesis provides important information about its role 
in the regulation of cell growth and its oncogenic 
potential. In addition, the roles of the RB gene in the 
oncogenesis of second primary tumors in retinoblastoma 
patients can be studied by these methods. 

In order to study RB gene function, an animal model 
was prepared. Two potential animal models for Lesch-Nyhan 
syndrome have been developed. Nature . 326:292, (1987). 
Nature . 326:295, (1987) Both mouse model systems were 
derived by construction of chimeric mice with HPRT- 
mutagenized mouse embryonic carcinoma (EC) or embryonic 
stem (ES) cells which can give rise to germ cells in 
chimeras. These chimeras allow the derivation of strains 
of mutant mice having the same biochemical defect as Lesch- 
Nyhan patients. The objective was to utilize either mouse 
ES or EC cells to establish chimeric mice with one inactive 
allele of the RB gene. 

Either mouse ES or EC cells were used to establish 
chimeric mice with one inactive allele of RB gene for 
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studying its biological significance. One allele of the RB 
gene of the mouse ES cell (rb/rb) was inactivated by 
targeted mutagenesis with a viral vector containing 
defective RB sequences. Another selection marker, which 
aligns in frame with the RB gene but is inactive in 
defective RB-virus, was incorporated for selection 
purposes. 

After homologous recombination with endogenous RB, 
the marker expressed under the control of endogenous RB 
regulatory sequence and was selected along with neo- 
resistancy. The neomycin-resistant ES cell were further 
examined for the rb/-) genotype by DNA hybridization with 
RB probe and were injected into mouse blastocyctes to 

r 

construct chimeric animals Proc. Natl. Acad. Sci. U.S.A. . 
83:9065, (1986). 

The resulting chimeric mice are bred to maintain a 
colony before sacrificing and examination for the (rb/-) 
phenotype of the primary fibroblast. 

The invention of the animal model for studying 
cancer suppressing gene function is now presented in 
greater detail. Two potential animal models for Lesch- 
Nyhan syndrome were developed. Both mouse model systems 
were derived by construction of chimeric mice with HPRT- 
mutagenized mouse embryonic carcinoma (EC) or embryonic 
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stem (ES) cells which can give rise to germ cells in 
chimeras. These allow the derivation of strains of mutant 
mice having the same biochemical defect as seen in Lesch- 
Nyhan patients. In the present invention, mouse ES cells 
were used as the target for RB gene inactivation via 
homologous recombination. 

The expressions of the RB gene in different tissues 
of the mouse were examined by either Northern blotting of 
the poly (A) RNAs with mouse DNA probes or 
immunoprecipitation of mouse RB proteins with RB specific 
antibody. The expression of RB gene in ES cells as well as 
fetal retinal cells were the main targets of investigation. 

One allele of the RB genes of the mouse ES CELL 

• i 

(rb/rb) was inactivated by targeted mutagenesis with DNA 
fragments containing defective RB sequences. Previously, 
the mouse RB cDNA has been isolated using the human RB cDNA 
as probe. Several mouse genomic DNA clones were isolated 
from a mouse genomic library by screening with mouse cDNA 
probe. These mouse genomic clones were used to construct 
the DNA fragment containing an inactivated RB coding 
sequence. 

Basically, a neomycin resistent gene derived from 
Tn5 was inserted into mouse genomic DNA fragments of 5.6 
and 10Kb with neomycin and/or G418 used for selection. In 
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general, two types of vectors may be used for the targeted 
mutagenesis, based on the mode of action of homologous 
recombination. The first is a replacement vector carrying 
homologous sequences of the same orientation at each end of 
the vector and which results in an exact copy of the gene 
with internal neo r gene. The other is an insertional 
vector carrying homologous sequences of opposite 
orientation at each ends of the vector. However, the 
original DHA reading frame will be continued if this DNA 
fragment is circlized. When this vector was inserted into 
the -exact position of the endogenous RB gene, an internal 
duplication of part of the RB was established, and thus, 
inactive RB gene was produced. Both types of vectors were 
constructed and the inactivation of RB genes in ES cells 
was accomplished by both approaches^ 

It was found that the vectors introduced into the ES 
cells either randomly integrate into the chromosome or 

specifically integrate into the RB loci. This fact creates 
difficulty for the selection of exact homologous 

recombinants or for simple neomycin resistant phenotype 

selection. Thus, another selection marker was incorporated 

for selection purposes. 

Studies have shown that incorporation of herpes 

simplex viral tk gene into the targeted mutagenesis vector 
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described above was beneficial. Basically, the HSV tk gene 
was linked to the end of a linealized vector. If the 
random integration of the tk-vector occurred, the tk gene 
would be carried over into the integration site. However, 
site specific homologous recombination can only occur after 
loss of the terminal tk sequence. 

Recent development of compounds, such as acyclovir 
and ganciclovir, has provided an excellent selection system 
for cells with or without the tk gene Antimicrob. and 
Chemother. . 31:844-949 (1987). Therefore, ES cells with 
neo(+) and tk(-) were selected out by addition of G418 and 
ganciclovir respectively. Vectors with and/or without tk 
gene were both used to test their targeted mutagenesis 
efficiency. The neomycin-resistant ES cell was further 
examined for (rb/-) genotype by DNA hybridization with an 
RB probe. 

Mouse ES cells thus mutated were screened for the 
detection of one inactive RB allele and one active allele 
of RB gene by RFLP analysis as well ploymerase chain 
reaction analysis. RB(+/-) ES cells obtained were 
reintroduced by microinjection into blastocysts (early 
embryo) obtained from superovulated female mice. The 
blastocysts carrying the RB (+/-) ES cells were then 
transplanted back to the uterus of a pseudopregnant female 
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mouse Proc. Natl. Acad. Sci. U.S.A. 83:9065, (1986). After 
the foster mother mouse gave birth, the offspring were 
examined for the hereditary transmission of the 
mutationally inactivated RB allele. 

The animal models developed according to the present 
invention are useful for the evaluation of suspected 
carcinogenicity of environmental substances. Because 
tumorigenicity is observed only when at least one of the 
cancer suppressing genes at a given locus is defective, 
mutated or missing, tumor development in the animal after 
exposure to the environmental substance is a positive 
indication of carcinogenicity for the substance. 

In addition to their value in testing for substance 

• i' 

carcinogenicity, the chimeric animal is useful for 
evaluating the pharmaceutical effect of the RB gene and RB 
gene products. It has been found that the administration 
of the RB gene and/or RB gene products to the healthy cell 
has no discernible adverse side effects. Thus, the RB gene 
and/or its products can be administered to organisms to 
correct a genetic deficiency while the risk of undesirable 
reactions has been reduced. 

As used in this specification, the terms "defective" 
and "inactive" when referring to a gene, are intended to 
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mean the condition wherein the gene expresses an abnormal 
phenotype or no phenotype. 

While particular embodiments of the present 
invention have been disclosed, it is to be understood that 
various different modifications are possible and are 
contemplated within the true spirit and scope of the 
appended claims. There is no intention, therefore, of 
limitations to the exact abstract or disclosure herein 
presented. 
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